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Can  We  Afford  The  Dream? 


OMV  Makes  House  Calls 


On  the  move  far  above  our 
earth,  NASA’s  Orbital 
Maneuvering  Vehicle  (OMV) 
will  answer  the  call  from  the 
next  generation  of  earth- 
orbiting spacecraft,  helping 
to  extend  their  useful  lifetimes 
well  into  the  next  century. 

OMV  will  be  equipped  with 
tools,  parts,  and  tanks  of 
fuel  to  work  on  spacecraft 
with  built-in  serviceability 


For  service,  call  on  OMV! 


TRW  Space  & Technology 
Group 


TRW  Inc  1989 


features.  OMV  will  be 
making  repairs,  exchanging 
old  scientific  and  house- 
keeping equipment  for  new, 
adding  fuels  of  all  descriptions, 
and  nudging  drifting  space- 
craft into  their  correct  orbits. 


Not  afraid  of  hard  work  and 
long  hours,  OMV  will  spend 
its  spare  time  gathering  up 
space  debris. 
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From  The 
Publisher 


Can  we  afford  the  dream? 

The  answer  to  the  question  on  this  month’s  cover  is,  of  course,  yes. 
But  what’s  the  business  plan?  That’s  the  real  question. 

In  a society  that  has  dreamed  up  pyramid  schemes,  lotteries,  blind 
pools  and  junk  bonds,  it  seems  to  me  that  we  ought  to  be  able  to  come 
up  with  creative  financing  concepts  for  the  space  program. 

As  the  story  goes,  Queen  Isabella  offered  to  sell  her  crown  jewels  to 
pay  for  Columbus’  first  voyage.  It  turned  out  she  didn’t  need  to,  but  it 
wouldn’t  have  been  a bad  trade.  You  can  only  look  at  jewels  so  much. 

Do  we  still  have  to  sell  our  jewels  to  explore  new  worlds?  Or  is  there 
another  way?  I do  know  that  problems  tend  to  get  solved  when  people 
of  intelligence  direct  their  attention  to  solving  them.  So  I’d  like  to  pose 
this  question  to  the  Final  Frontier  Advisory  Committee — you  readers: 

Flow  can  we  finance  our  future  in  space? 

This  isn’t  a contest.  There  are  no  prizes.  But  if  you  send  us  new  and 
interesting  ideas,  we’ll  publish  them.  Who  knows?  Maybe  one  of  you 
has  figured  it  all  out,  and  nobody's  bothered  to  ask  you  the  question. 

When  the  U.S.  Olympic  Committee  got  concerned  about  the 
declining  number  of  American  medalists,  they  looked  to  the  private 
sector  for  aggressive,  creative  ideas.  It  makes  sense.  In  the  competi- 
tive business  world,  only  the  quick,  strong  and  smart  survive.  And 
that’s  where  our  "Daring  Dozen’’  of  the  space  business  (page  25) 
come  in.  If  they  aren’t  all  yet  success  stories,  we  expect  that  they  will 
be  someday. 

For  the  time  being,  though,  we  have  to  rely  on  governments  to  pay 
for  our  dreams.  President  Bush’s  call  for  a reinvigorated  space  effort 
on  the  20th  anniversary  of  the  first  Moon  landing  was  encouraging. 
Now  it’s  up  to  him,  the  Congress  and  the  rest  of  us  to  follow  through. 
After  all,  the  best  way  to  get  our  tax  money’s  worth  is  to  give  our 
scientists  and  engineers  something  to  do. 

How  can  we  spend  money  on  space  exploration  when  there  are 
problems  here  on  Earth?  I’ve  never  thought  it  was  an  either/or  propo- 
sition. You  have  to  look  out  as  well  as  in,  and  a perfect  society  has 
never  been  a prerequisite  for  exploration.  By  one  estimate,  the  space 
program  puts  seven  dollars  back  into  the  economy  for  every  tax  dollar 
spent.  But  its  real  value  to  civilization  is  long-term — the  kind  of  value 
that  doesn’t  show  up  in  the  quarterly  ledger  books.  As  historian  Daniel 
Boorstin  remarked  during  the  recent  Apollo  anniversary,  the  most 
worthwhile  things  in  life — love  and  children,  for  example — cannot  be 
shown  to  be  “cost-effective.” 

Moving  humankind  out  into  space  won’t  come  cheap.  But  let’s  not 
use  that  as  an  excuse  to  stop  trying  to  find  a better  way. 


Ever  upward, 


u)ji^ 

William  Rooney 
Publisher 
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THE  X-30  IS  KID  STUFF. 

To  soar  with  ease  on  swift  strong  wings  — farther  and  faster  than  ever  before.  For  a kid, 
that's  the  stuff  dreams  are  made  of. 

Kid  stuff,  because  it’s  your  kids,  and  ours,  who  will  gain  most  from  the  advances  in 
computational  fluid  dynamics  required  to  build  the  X-30  National  AeroSpace  Plane  (NASP). 

With  supercomputers,  we’re  simulating  the  effects  of  air  pressure,  speed  and  heat 
on  proposed  X-30  airframes.  This  wind-tunnel-in-a-computer  technology  allows  us  to 
test-fly  numerous  airfoil  shapes  and  configurations— rapidly  and  without  building  models. 

The  X-30  is  kid  stuff,  because  it  is  our  children  who  will  move  from  Earth  to  space 
and  back  at  far  less  cost  than  we  do  today.  And  the  wisdom  to  use  computer  power  to  solve 
dynamic  problems  here  on  Earth  will  be  a lasting 
legacy  of  this  great  human  endeavor. 

It  is  our  children  who  will  have— or  not  have— world 
leadership  in  science  and  technology  as  a result  of  America’s 
decisions  today  It  is  a time  to  push  forward.  A time  to  invest 
in  the  future. 

Let’s  just  call  it  a gift  from  this  generation  to  the  next. 

MCDONNELL  DOUGLAS 

A company  of  leaders. 


The Observatory 

Witnessing  the  Launch  of  the  Shuttle  Atlantis 


So  much  of  life  in  th  e wo  rld  is  waiting,  that 
This  day  wan  no  exception,  .so  we  waited 
All  morning  long  and  into  the.  afternoon . 

I spent  some,  of  the  time  remembering 
Dante,  who  did  the  voyage  in  the  mind 
Alone,  with  no  more  nor  heavier  machinery 
Than  the  ghost  of  a girt  giving  him  guidance; 

A nd  won  dered  if  m uch  was  lost,  to  gain  a ll  this 
New  world  of  engine  and  energy,  where  dream 
Translates  into  deed.  But  when  the  thing  went,  up 
It  was  indeed  impressive,  as  if  hell 
Itself  opened  to  send  its  emissary 
In  search  of  heaven  or  " the  unpeopled  world" 

(thus  Dante  of  doomed  Ulysses)  “ behind  the  sun.  ” 

So  much  of  life  in  the  world  is  memory 
That  the  moment  of  the  happening  itself - 
So  rich  with  noise  and  smoke  and  rising  clear 
rIi)  vanish  at  the  limit  of  our  vision 
Into  the  light  blue  light  of  afternoon  - 
Appeared  no  more,  against  the  void  in  aim, 

Than  the  flare  of  a match  in  sunlight,  quickly  snuffed. 

What  yet  may  come  of  this)  We  cannot  know. 

Great  things  are  prom  ised,  as  the  prom  ised  land 

Promised  to  Moses  that  he  would  not  see 

But  a distan  t sight  of,  though  the  children  would. 

The  world  is  made  of  pictures  of  the  world, 

And  the  pictures  change  the  world  into  another  world 
We  cannot  know,  as  we  knew  not  this  one. 

Howard  Nemerov 

Howard  Nemerov  is  the  Cod  I mu  reate  of' the  United  States  and 
poetry  consul  taut  to  the  Library  of  Congress.  A t A'.l  SA’s  invitation, 
he  witnessed  the  launch  of  A t/nnfis  last  May  and  contributed  this 
pom,  which  will  become  part  of  a permanent  NASA  collection. 
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KING  ARTHUR 


Wrought  of  Stainless  Steel. 

24  Karat  Gold.  Sterling  Silver. 
Hand-set  Crystal  Cabochons. 
Inserted  in  Crystal-clear  Rock. 


KING  ARTHUR.  Immortal  hero  of 
medieval  legend,  he  was  the  only  one 
who  could  free  the  magical  Excalibur 
from  stone.  And  when  the  most  famous 
King  of  chronicle  and  romance  wielded 
this  mighty  sw  ord,  he  became  invincible 
Now  you  may  own  the  authorized 
re-creation.  From  Europe,  its  blade  is 
wrought  of  tempered  steel.  Its  pommel 
and  crossguard  sculptured  with  Arthur's 
symbol  of  pow  er  - the  dragon.  Ablaze 
with  fiery  red  crystals,  sterling  silver  and 
24  karat  gold,  Excalibur  is  to  be  removed 
from  its  crystal-clear  rock  only  by  the 
man  destined  to  possess  it.  S675. 

The  magnificent  hardwood-framed  display - 
shown  smaller  than  actual  size  of  51Vi"  high  x 
161 2"  wide  - is  included  at  no  additional  charge. 

Excalibur  shown  smaller  than  actual  length  of  43". 
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AN  OFFICIAL  ISSUE  OF 

THE  INTERNATIONAL  ARTHURIAN  SOCIETY 


The  International  Arthurian  Society 
c/o  The  Franklin  Mint 
Franklin  Center,  Pennsylvania  19091 
Please  enter  my  order  for  the  authorized  re-creation 
of  King  Arthur's  Excalibur  sword.  Crafted  of  hand- 
polished  tempered  steel  and  embellished  with 
sterling  silver  and  24  karat  gold  electroplate.  The 
custom-designed  display  is  included  at  no  addi- 
tional cost. 

I need  send  no  money  now.  I will  be  billed  in  10 
equal  monthly  installments  of  $67.50*  each,  begin- 
ning prior  to  shipment.  -Plus  my  state  sales  tax 


Please  mail  by  October  31, 1989. 


Signature 

Name 

Address 

City,  State,  Zip 


ALL  ORDERS  ARE  SUBIECT  TO  ACCEPTANCE 


PLEASE  PRINT  CLEARLY 


85468-35 


Letters 


PALACE  CITY” 

Artist:  Gary  Meyer. 


Limited  edition  of  500  signed 
and  numbered  lithographs. 

Select  numbers  are  still 
available. 


We  also  offer  limited  edition, 
fine  art  prints  presented  in 
museum  quality  framing  by 
world-renowned  artists: 

Frank  Frazetta 
Gerry  Grace 
Charles  Wildbank 

An  aggressive  addition  to  your 
investment  portfolio!  Many  of 
our  limited  edition  prints  have 
nearly  tripled  in  value  since 
their  release. 

Don't  pass  up  this  investment 
opportunity.  Contact  us  today! 


7003  Whitsett  Ave. 

N.  Hollywood,  CA  91605 

(818)  503-9714 


Complimentary  catalog  available. 
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Be  Prepared 

In  looking  at  the  February  article  on 
the  next  ten  years  of  space  exploration, 

I was  enraged  by  the  one  major  item 
that  it  excluded:  a manned  mission  to 
Mars! 

Needless  to  say,  a manned  mission 
to  Mars  before  the  end  of  the  century  is 
highly  unlikely,  thanks  to  the  major  cuts 
in  the  NASA  budget  during  the  past  two 
decades.  But  even  if  a manned  Mars 
mission  will  never  be  undertaken  by 
1998,  at  least  some  aspect  of  that  par- 
ticular mission  should  be  achieved  by 
then.  Shouldn’t  the  Mars-bound  craft  be 
under  construction  by  1998?  Shouldn’t 
artificial  gravity  and  artificial  bios- 
pheres be  perfected  by  1998?  If  these 
possibilities  will  never  be  realized  nine 
years  from  now,  then  how  can  a 
manned  mission  to  Mars  be  accom- 
plished within  the  forseeable  future? 

Yul  U.  Tolbert 

Detroit,  Michigan 

We  agree -that's  why  a 1998  Mars 
sample  return  mission  made  our  list  of 
space  highlights  of  the  next  decade. 
And  you're  right,  if  we  don't  get  started 
now  on  developing  the  technology,  we 
won't  be  ready  to  go  to  Mars  in  any 
forseeable  future- Editor 

Condescending 

In  his  review  of  The  Soviet  Manned 
Space  Program,  (June)  William  Barton 
commented  on  the  “condescending 
style  of  some  American  writers  who 
treat  the  Soviet  [space]  program  in  a 
derogatory  way,  focusing  only  on  prob- 
lems and  errors.”  Mr.  Barton  confuses 
the  critical  style  of  American  writers, 
who  also  focus  on  the  problems  and 
errors  of  NASA  operations,  with  “Soviet 
bashing.” 

In  comparing  the  first  U.S.  space 
shuttle  test  flight,  which  was  manned,  to 
the  unmanned  test  flight  of  the  Soviet 
Buran  shuttle,  Alexander  Dunayev, 
director  of  the  Soviet  space  agency 
Glavkosmos.  issued  the  following 
sermonette:  "In  the  development  of 


manned  space  flights,  priority  in  the 
USSR  is  given,  first  of  all,  to  crew  safety. 
Therefore,  the  first  flight  of  a new 
spacecraft  is  always  automatically  con- 
trolled. This  is  the  basic  difference  be- 
tween the  Soviet  program  and  the  U.S. 
one.  and  we  shall  always  adhere  to  it." 

In  a “condescending”  and  “derogat- 
ory” manner,  Dunayev  implies  that  crew 
safety  is  not  a priority  with  NASA's 
space  shuttle  flights.  If  Mr.  Barton 
reviewed  a Soviet  writer's  account  of  the 
U.S.  space  program,  he  would  detect 
the  same  “condescending”  attitude 
toward  their  rival. 

Sam  Ricks 

Philadelphia,  Pennsylvania 

One  for  All 

I began  to  read  Final  Frontier 
recently,  and  I must  say  that  your  maga- 
zine has  done  its  best  in  announcing 
space  research  and  exploration.  I was 
staggered  by  the  fact  that  in  the  U.S. 
space  exploration  has  such  good  pub- 
licity! We  haven't  anything  like  your 
magazine. 

The  April  special  issue  was  very 
interesting.  I read  the  “Roads  to  Mars” 
article  with  great  interest,  and  com- 
pletely support  all  the  ideas  and 
proposals.  There  is  no  doubt  that  there 
will  be  a manned  expedition  to  Mars  in 
the  beginning  of  the  next  century,  and 
the  main  problem  now  is  coordinating 
the  efforts  of  the  USSR,  the  USA,  ESA 
and  other  space  countries  in  planning 
the  Mars  mission.  It  may  be  the  best 
objective  of  mankind,  instead  of  [an] 
arms  race. 

I’m  a member  of  SEDS,  and  our  chap- 
ter perhaps  will  receive  your  magazine. 
But  it  will  be  one  magazine  for  the 
group  of  people.  Vladislav  Stolyarov 
Kazan,  USSR 

FINAL  FRONTIER  welcomes  your  let- 
ters. Send  them  do  Letters  to  the 
Editor,  FINAL  FRONTIER,  PO.  Box 
11519,  Washington,  D.C.  20008.  Please 
type  your  correspondence  and  limit 
the  length  to  150  words. 
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TOM  R GARRETT 


A Precision  Triple-Orbit  Timepiece 


Stunning  adaptation  of  a classic  1940s  design. 


A prestigious  timepiece  for  people  whose 
time  is  precious.,, the  Hamilton  Moon-Phase 
is  brilliantly  updated  for  the  demanding  style 
of  the  1980s, 

Its  intricate  triple-orbit  design  makes  a 
striking  fashion  statement  in  any  setting  and  is 
the  height  of  elegance  for  every  occasion. 

The  precision  analog  displays  track  the 
month,  day  date,  houi;  minute  and  second,  as 
well  as  the  phases  of  the  moon.  All  kept  to  pin- 


point accuracy  by  a state-of-the-art  Swiss 
quartz  movement. 

Each  Hamilton  Moon-Phase  is  richly  fin- 
ished with  5 microns  of  18k  gold  and  fitted 
with  a genuine  crocodile  wrist  band. 

Flawlessly  built  by  hand  by  the  craftsmen 
of  the  world  famous  Hamilton  Watch  Com- 
pany the  Moon-Phase  is  offered  to  you  for 
just  $295;  payable  in  convenient  monthly 
installments 


As  an  added  luxury  your  Hamilton  Moon- 
Phase  will  be  engraved  on  the  back  with  up  to 
three  initials  of  your  choice,  at  no  additional 
charge. 

Order  now  to  avoid  disappointment.  If  you 
are  not  completely  delighted,  return  your 
watch  in  original  condition  within  30  days  for  a 
full  refund.  Phone  orders  shipped  within  5-7 
business  days. 

'Plus  $3,50  shi  ppi  rig/handling. 

C 1*09  Mfll 


Call  Toll-Free:  1-800-367-4534 


0372 


Hamilton  Classics 

47  Richards  Avenue 
Norwalk.  Conn,  06857 

For  Fastest  Service  Call  Toll-Free:  1-800-3674534 


Please  send  me Hamilton  MO  ON -PHASE  watch(es). 

Initials  to  be  engraved  on  back: 

Charge  each  of  8 installments  of  $37.31  each  to  my  credit  card: 

□ MasterCard  □ VISA  □ Diners  Club  □ American  Express 

Expiration  Date 


PLEASE  P*iH7  CLEARLY 

Address 

City/State/Zip  — 


Signature 

(All  orders  subject  tp  acceptance] 

□ 1 prefer  not  to  use  a credit  card  and  will  pay  by  check.  Enclosed  is  my  deposit  of 
$99.50'  for  each  watch.  I will  pay  the  balance  as  billed  in  four  monthly  install- 
ments of  $49,75  each. 

'Connecticut  residents  add  Vh%  sales  tax.  Tennessee  residents  add  Vh%  sales  tax. 
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Earthly  Pursuits 

Crimebusters 


nn  the  summer’s  smash-hit 
movie  Batman , Jack  Nichol- 
son, a.k.a.  the  Joker,  asks  longingly, 
“Where  does  he  get  those  wonderful 
toys?”  Even  Joker  might  be  surprised 
that  some  of  the  gee-whiz  crimebust- 
ing  tools  of  the  ’80s  are  actually 
spinoffs  of  NASA  research,  available  to 
local  governments  and  the  private  sec- 
tor at  little  or  no  cost. 

For  example,  imprinted  serial  num- 
bers are  a widely  accepted  means  of 
identifying  and  (hopefully)  protecting 
goods  from  theft.  But  whether  it’s  a Cor- 
vette engine  or  a handgun,  these 
marks  are  often  erased  by  thieves  who 
file  them  down. 

In  the  past,  crime  labs  used  a chem- 
ical etching  technique  to  recover  miss- 
ing I.D.  numbers.  While  effective,  it 
caused  metal  corrosion  and  required  a 
lot  of  time  to  prepare.  But  as  part  of  its 
research  into  the  problem  of  pitting 
that  occurs  in  metal  materials  in  the 
atmosphere — a phenomenon  called 
“cavitation" — NASA  developed  a res- 
toration process  that  eliminates  the 
use  of  corrosive  chemicals.  A metal 
object  is  immersed  in  water,  with  a 
probe  positioned  above  it.  Ultrasonic 
energy  is  then  applied,  causing  the 
probe  to  vibrate  rapidly;  the  resulting 
vapor  bubbles  pit  the  area  where  the 
serial  number  was  stamped. 

"Even  though  the  metal  looks 
smooth,  it  retains  a memory  of  the 
stamp  dye,”  explains  Steven  Rid- 
dlebaugh  of  NASA’s  Lewis  Research 
Center  in  Cleveland. 

Computer  enhancement  processes 
used  to  improve  pictures  transmitted 
from  space  also  can  be  used  to  “bring 
back”  signatures  and  other  writing  on 
documents  after  the  writing  has  been 
erased  or  has  deteriorated  with  time. 
And  art  thieves  beware:  NASA  has 
enhancement  techniques  that  can 
identify  the  presence  of  more  than  one 
image  on  a painting.  The  procedure 
can  even  separate  the  images,  yield- 
ing reliable  pictures  of  whatever's 
underneath  the  surface  of  a painting. 

Another  crimebusting  device 
derives  from  the  safety  net  placed 
below  workers  who  build  space  shuttle 


Who  ya  gonna  call?  Dial  N-A-S-A 

▼ T ▼ 

By  Anene  Tressler-Hauschultz 


orbiters  in  assembly  buildings.  Bill 
Kirkland,  president  of  West  Coast  Net- 
ting, reasoned  that  a web  strong  enough 
to  break  a worker’s  fall  from  a high  place 
might  have  an  application  for  police 
departments,  whose  officers  often  must 
restrain  violent  suspects. 

The  outgrowth  of  Kirkland’s  idea, 
“Capture  Net,"  offers  an  important  alter- 
native to  the  use  of  deadly  force  in 
apprehending  criminals.  A three-man 
team  uses  the  net  in  conjunction  with  an 
ammonium  phosphate-base  fire  extin- 
guisher, which  serves  as  a distraction  so 
officers  can  get  close  enough  to  cast 
the  net.  An  important  advantage  of  the 
Capture  Net  system,  notes  Kirkland,  is 
that  it  can  be  assembled  and  deployed 


Sacramento,  California,  prompted  the 
school’s  principal  to  seek  NASA’s  assist- 
ance in  developing  an  alarm  system.  So 
the  space  agency  came  up  with  the 
SCAN  (Silent  Communications  Alarm 
Network)  pen,  which  consists  of  a pen- 
shaped signaling  device  and  a system 
of  receivers  interconnected  to  a con- 
stantly monitored  master  console.  A 
teacher  wears  the  pen  in  a shirt  pocket 
or  as  a necklace;  if  trouble  develops,  he 
or  she  simply  presses  a clasp,  sending 
an  ultrasonic  signal  to  one  of  the  receiv- 
ers, strategically  placed  for  best  recep- 
tion. The  receiver  then  converts  the 
silent  tone  to  electrical  energy  and 
transmits  the  signal  to  the  master  con- 
sole, setting  off  an  audio  alarm  and 
activating  a console  light  that  indicates 
the  location  of  the  emergency. 

The  SCAN  system’s  reliability  and 
ease  of  operation  have  led  to  its  installa- 
tion in  senior  citizen  apartment  com- 
plexes, juvenile  homes  and  correctional 
institutions.  A similar  concept  inspired 


in  less  than  one  minute. 

But  crime  isn’t 
always  confined  . 
to  the  street.  An  / 
outbreak  of  stu-  [ 
dent  violence  at  V 
John  Kennedy  * 

High  School  in 


the  "Remote  Alert  Communications  Sys- 
tem,” a pocket-sized  tone-modulated 
V FM  transmitter  that  provides  a one- 
\ way  communications  link  from  a 
J police  officer  in  the  field  to  his  dis- 
J patcher,  using  the  patrol  car  as  a 
/ radio  relay  station. 

Law  enforcement  officers  use  NASA 
technology  in  the  air  as  well.  A stabiliza- 
tion platform  for  helicopters,  developed 
at  the  Jet  Propulsion  Laboratory,  has 
been  used  by  the  Pasadena  Police 
Department  to  help  keep  its  searchlights 
trained  on  fleeing  suspects  below.  And 
the  police  department  in  Huntington 
Beach,  California,  reduces  fatigue  in  its 
helicopter  pilots  with  a spinoff  originally 
>:  developed  at  NASA’s  Ames  Research 
|j  Center.  Thick  pads  of  "memory  foam,” 
oj  installed  in  the  department’s  helicopters, 
§;  evenly  distribute  body  weight  and  pres- 
i?j:  sure  over  the  entire  contact  area.  The 
£;  result:  officers  are  able  to  stay  aloft  for 
III  longer  periods  of  surveillance, 
ii  Watching  and  hunting  down  the  Joker 
xj  and  his  felonious  deck  of  cards  has 
I o j never  been  easier  than  in  the  space 
(Si  age.  With  the  help  of  a few  well-chosen 
ki  spinoffs,  crimebusters  may  still  have  the 
8:  last  laugh.  □ 
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If  there’s  abigger  system  of  intelligent  life, 
we  haven’t  found  it. 


CompuServe  is  the  largest,  most 
comprehensive  computer  information 
service  on  Earth.  But  we’re  not  stop- 
ping there. 

We  continue  to  expand  our  scope 
of  services  to  provide  our  more  than 
500,000  members  with  more  information 
and  communication  opportunities  than 
any  other  service,  as  well  as  unmatched 


personal  computer  software  and 
hardware  support. 

We’re  constantly  adding  to  our 
list  of  forums  to  meet  our  members’ 
special  interests.  We  offer  an  ever- 
increasing  variety  of  shopping,  travel , 
and  convenience-oriented  services. 
Plus,  our  combination  of  investment 
and  research  resources,  and  other 


decision-  making  tools,  is  second  to  none. 

In  short,  our  ongoing  commitment 
is  to  provide  CompuServe  members 
with  a world  of  online  opportunities. 

And  then  some. 

To  join  CompuServe,  see  your 
computer  dealer.  To  order  direct  or  for 
more  information,  call  800  848-8199. 

CompuServe 


PENNIES 
FOR  THE 
SHUTTLE 


When  President  Bush 
announced  that 
NASA’s  new  shuttle  orbiter 
would  be  called  Endeavour,  he 
thanked  the  nation's  schoolchil- 
dren for  participating  in  the  na- 
tional contest  that  came  up 
with  the  name.  But  even 
before  they  christened 
the  spaceliner,  kids 
across  America  had 
raised  nearly  $300,000 
to  help  build  it. 

In  a “Pennies  for 
Space"  drive  that  began 
in  the  days  following  the 
Challenger  disaster,  kids 
donated  their  change  as 
contributions  toward  the 
cost  of  a replacement  orbi- 
ter. The  idea  was  to  give  the 
money  to  NASA  expressly 
for  that  purpose — but  fed- 
eral regulations  almost  pre- 
vented the  space  agency 
from  accepting  the  funds. 
"Normally,  anytime  a per- 
son donates  money  to  a 
government  agency, 
[that]  agency  gives  it 
right  to  the  U.S.  Trea- 
sury," says  Dave 
Garrett,  a spokes- 
person at  NASA 
headquarters  in 
Washington, 
D.C.  The  trea- 
sury then  assumes  responsibility 
for  the  contribution  and  distributes 
it,  explains  Garrett,  but  not  neces- 
sarily according  to  the  wishes  of  the 
donor. 

Fortunately,  there  was  a way 
around  the  hitch,  since  Pennies  for 
Space  wasn't  the  first  time  private  do- 
nations had  been  made  to  NASA.  Ear- 
lier in  the  decade,  the  Viking  Fund 
financed  continued  collection  and 
analysis  of  data  from  the  Viking  1 
lander  on  Mars.  NASA  received  a 
special  exemption  from  Congress, 


[ 


which  permitted  the  space  agency  to 
use  the  Viking  Fund  for  that  purpose.  In 
the  summer  of  1987,  Congress  passed 
similar  legislation  allowing  NASA  to 
apply  the  children’s  offering  of 
$290,127  toward  Endeavour’s  $1.3  bil- 
lion cost. 

So  the  next  time  someone  complains 
about  the  price  of  the  space  program, 
tell  ’em  you  know  just  what  to  do  with 
their  spare  change.... 

— Joseph  Baneth  Allen 


The  Ghoul,  as  seen  by  a JPL  artist. 


THE  GREAT  GALACTIC 
i GHOUL 

nhe  twin  failures  of  the  Fobos  1 
and  Fobos  2 Mars-bound 
i spacecraft  earlier  this  year  left  scien- 
i tists  and  engineers  wondering  how  half 
j a billion  rubles’  worth  of  the  Soviet 
j Union's  most  sophisticated  space 
j equipment  could  break  down  without 
: warning.  According  to  the  folklore  of 
j the  space  age,  there  is  a simple  expla- 
j nation:  Chalk  up  two  more  victims  for 
j the  Great  Galactic  Ghoul. 

The  legend  of  the  Ghoul  began  in 
j July  1969,  when  NASA’s  Mariner  7 
j probe  suddenly  went  dead  enroute  to 
j Mars.  Seven  hours  later  it  revived,  but  it 
j was  on  a slightly  different  course  and 
; its  telemetry  capacity  was  mysteri- 
i ously  reduced. 

Time  reporter  Don  Neff,  who  was 
: covering  the  mission,  recalled  that  two 
; prior  Soviet  probes  had  broken  down 
: on  the  way  to  Mars,  and  that  NASA’s 
j own  Mariner  4 had  experienced  control 
j problems  four  years  earlier.  He  humor- 
: ously  suggested  that  some  cosmic 
i entity  was  jealously  guarding  the  road 
: to  the  Red  Planet.  In  Neff’s  scenario, 
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this  "Great  Galactic  Ghoul”  had  eaten 
the  Soviet  craft... bitten  off  a chunk  of 
Mariner  4. ..and  had  spit  out  Mariner  7 
because  he  (she?  it?)  hadn’t  liked  the 
taste. 

The  Ghoul  soon  developed  a loyal 
tongue-in-cheek  following  at  the  Jet 
Propulsion  Laboratory  in  Pasadena, 
California,  where  most  American  deep 
space  probes  are  controlled  and 
monitored.  So  it  was  natural  that  in  1971, 
when  Mariner  9 regained  its  bearings 
after  inexplicably  breaking  its  lock  on  a 
navigation  star,  one  happy  NASA  offi- 
cial exulted,  “The  Ghoul  has  been 
foiled!" 

Not  so  fortunate  were  two  Soviet 
spacecraft  that  dared  to  approach 
Mars  two  years  later.  One  sailed  help- 
lessly past  the  planet  when  its  retro- 
rockets  failed.  Another  probe,  intended 
for  a landing,  lost  all  communications 
and  also  missed  Mars. 

The  Ghoul — or  a close  relative — 
operates  nearer  to  home  as  well.  Earth- 
orbiting satellites  occasionally  suffer 
transient  equipment  failures  or  shut 
themselves  down  for  no  apparent  rea- 
son. NASA’s  Pegasus  1 satellite,  turned 
off  in  1975,  came  back  to  life  two  years 
later,  sending  engineers  scurrying  for 
old  manuals  to  compose  a new  switch- 
off  code.  (“Maybe  a stake  through  its 
heart  would  help,"  one  commented.) 

As  for  the  derelict  Fobos  2,  super- 
natural help  is  on  the  way.  Israeli  psy- 
chic Uri  Geller  has  announced  that  he’s 
using  his  mental  powers  to  revitalize 
the  probe.  Somewhere  deep  in  space, 
the  psyche  of  a magician  is  battling  a 
galactic  ghoul  for  the  soul  of  a dead 
robot.  Who  says  space  exploration  has 
become  dehumanized? 

—James  E.  Oberg 

THE  RAIN  IN  SPAIN 
HELPS  A SPACESICK 
BRAIN 

f two  NASA-sponsored  re- 
searchers are  right,  Professor 
Henry  Higgins  might  have  been  the 
perfect  doctor  to  have  onboard  an 
orbiting  spacecraft. 

Robert  Stern  and  Kenneth  Koch  at 


Penn  State  University  have  found  that 
space  sickness,  which  results  from  a 
sensory  mismatch,  can  be  avoided  by 
executing  a simple  mental  task  such  as 
identifying  the  nouns  in  the  following 
sentence:  A cat  is  an  animal  who  likes 
to  eat  mice  and  climb  trees. 

To  test  their  hypothesis,  Stern  and 
Koch  simulated  an  environment  that 
causes  the  symptoms  associated  with 
space  sickness.  They  constructed  a 
rotating  cylinder  with  black  horizontal 
stripes  painted  on  a white  interior.  Sit- 
ting inside  the  moving  drum,  a test  sub- 
ject is  overcome  by  the  sensation  that 
he  or  she  is  moving,  and  that  the  drum 
is  standing  still.  The  illusion,  called 
“vection,"  causes  the  subject  to  experi- 
ence a sensory  conflict  similar  to  that 
which  brings  on  space  motion 
sickness. 

Vection  can't  be  controlled  by  an 
individual  no  matter  how  much 
willpower  he  or  she  has.  Even  scientist- 


astronaut  Bill  Thornton,  a space  sick- 
ness expert  who  has  a cast-iron 
stomach  in  NASA  simulators,  devel- 
oped symptoms  in  the  vection  drum. 

Prior  to  an  experiment  run,  the  Penn 
State  researchers  tape  three  elec- 
trodes to  the  skin  above  a volunteer’s 
stomach  to  measure  gastric  activity. 
Once  the  drum  begins  to  rotate,  the 
subject  is  asked  to  do  basic  math  or 
grammar  problems.  The  tests  done  by 
Stern  and  Koch  demonstrate  de- 
creased stomach  awareness  in  sub- 
jects who  perform  such  simple  tasks. 

Stern  and  Koch,  whose  experiments 
have  been  funded  by  NASA  for  three 
years,  are  still  trying  to  discover  why 
problem-solving  appears  to  be  an 
effective  defense  against  space  sick- 
ness. “It  may  be  that  if  you  don’t  think 
about  your  queasy  stomach,  it  pre- 
vents positive  biofeedback  and  keeps 
you  from  being  sick,"  says  Stern. 

— Joseph  Baneth  Allen 
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' young  man  grips  two  joysticks 

i KaSI  and  stares  intently  into  a video 
j : screen,  where  a one-armed  robot 
| ; slowly  roams  across  the  lunar  land- 
% I i scape.  With  the  left  joystick,  he  steers 

l|  1 j his  robot  up  to  a collection  of  barrels 

! i and  crates.  With  the  right,  he  lifts  the 
| ; robot’s  arm  and  opens  its  gripper.  The 
] ; objective  is  to  pick  up  the  barrels  and 
[ j crates  and  place  them  neatly  on  a plat- 
jgM  I ; form  as  quickly  as  possible. 

| : Okay  so  it’s  not  exactly  the  latest 

; rage  from  Nintendo.  But  for  anyone 
> j who  has  tried  it,  it’s  made  even  more 
; exciting  by  its  legitimate  scientific  pur- 
j pose:  Building  a database  of  perform- 
! ance  times  for  the  various  robotic 
r " i maneuvers  needed  to  construct  a 
^ j lunar  base  by  remote  control  from 

Rob  Lewis,  chairman  of  the  teleoper- 
M \ i ations  group  of  the  Space  Studies  Insti- 
T i tute  in  Princeton,  New  Jersey,  says 
• there  are  plenty  of  studies  of  robotic 
i operations  in  real  time,  but  none  of 
I i them  take  into  account  the  three  sec- 
; ond  delay  needed  for  an  earthbound 
3 : operator  to  send  a command  to  the 
i Moon  and  receive  back  a video  image 
■■■■  of  the  robot  executing  the  instruction. 

; So  Lewis  volunteered  to  do  something 
a monolithic  scientific  institution,  but  in  : about  it. 

the  mass-market  appeal  of  a manned  : “I  want  to  know  the  number  of  moves 

mission  to  Mars.  Under  Gump's  pro-  j it  takes  to  complete  each  maneuver 
posal,  10  to  14  people  with  diverse  ; and  how  long  it  takes  with  the  delay.  So 
backgrounds  from  around  the  world  j when  someone  comes  along  later  with 
would  be  sent  to  Mars  in  a bare-bones  ; plans  to  build  a lunar  base  by  teleoper- 
spacecraft,  on  a two-  or  three-year  mis-  ; ations,  they  can  plan  exactly  how  long  it 
sion  costing  about  $6  billion.  That’s  ; will  take,”  Lewis  says, 
about  one-tenth  the  cost  of  the  deluxe  j Using  his  own  money  and  time,  Lewis 
version  NASA  is  now  considering.  i built  the  eight-foot  mock-up  of  the 
Funding  for  the  mission  would  come  j lunar  surface  and  installed  three  video 
from  several  sources:  $2  billion  from  j cameras  to  show  the  12-inch  robot  at 
the  sale  of  global  television  rights  to  i work.  A black  cloth  draped  over  alumi- 
live  broadcasts  from  the  spacecraft  j num  tubing  hides  the  miniature  lunar 
(CBS  paid  $1.1  billion  for  four  years  of  ; construction  site  from  the  nearby  oper- 
World  Series  and  playoff  games,  Gump  j ator’s  view.  With  a push  of  a button  the 
points  out);  $2  billion  from  corporate  i operator  can  choose  which  of  the  three 
sponsorships  a la  “The  official  camera  j delayed  images  to  display  on  the 
of  the  Independent  Mars  Mission!”;  j screen. 

and  $2  billion  from  passenger  fees  ; Currently,  Lewis  is  only  demonstrat- 
charged  to  four  countries  for  the  right  j ing  his  teleoperations  system  to 
to  send  one  space  traveler  each.  j enthusiastic  crowds  at  space  conler- 
Of  course,  the  ultimate  success  of  j ences.  In  the  future,  he  plans  to  con- 
the  mission  would  depend  on  every-  i duct  a full-scale  study  using  ordinary 
one  returning  home  safely.  “You  j college  students  and  extraordinarily 
wouldn’t  want  your  first  passengers  to  j coordinated  people  as  experimental 
die,"  says  Gump.  “That  would  be  very  j teleoperators. 

bad  PR."  — W.  Dan  Leonard  '■  — W.  Dan  Leonard 


gravitational  field  that  are  likely  to  trap 
the  charged  particles.  The  second  ap- 
proach makes  software  changes  that 
will  allow  the  GRO  to  discriminate  be- 
tween a natural  gamma  ray  burst  and 
radiation  from  a satellite,  which  is  typi- 
cally accompanied  by  a sharp  in- 
crease in  charged  particles. 

The  $200,000  effort  should  be  com- 
pleted well  before  the  34,500-pound 
Gamma  Ray  Observatory — the  heavi- 
est automated  satellite  ever — is  lifted 
into  Earth  orbit  next  June. 

— Philip  Bui  man 


schematic  you’ve  programmed  into 
your  helmet  display,  and  it  appears  a 
few  degrees  above  your  line  of  vision. 
All  you  need  to  do  is  glance  up  from 
your  work  as  you  would  from  a key- 
board to  a computer  screen. 

The  HMD  works  something  like  the 
"heads-up"  displays  used  by  Air  Force 
fighter  pilots,  says  Johnson’s  Jose  Mar- 
molejo.  But  the  readouts  actually 
appear  inside  the  helmet,  reflected  off 
holographic  optical  elements — very 
thin  film  deposits  sandwiched  be- 
tween the  exterior  visor  and  the  interior 
pressure  helmet. 

During  a spacewalk  you  can  call  up 
data  (how  much  time  has  elapsed,  how 
much  fuel  is  left  in  your  maneuvering 
unit),  graphics  or  even  video  images. 
You  can  receive  material  radioed  up 
from  Mission  Control  or  from  inside 
Freedom.  You  can  adjust  the  display  so 
that  you  don’t  have  to  refocus  your  eyes 
as  you  look  from  your  work  to  your  data 
or  diagram.  And  you  can  look  past  the 
transparent  display  to  see  outside.  The 
idea,  says  Marmolejo,  is  to  keep  an 
astronaut’s  hands  free  for  work.  At  just 
the  touch  of  your  finger  or  the  sound  of 
your  voice,  the  HMD  will  provide  all  the 
information  you  need  — right  before 
your  eyes. 

— Ray  SpangenburgIDiane  Moser 


No  Nukes:  NASA  is  reprogramming  the 
Gamma  Ray  Observatory  to  avoid  false 
readings  from  Soviet  space  reactors. 


ASA  scientists  are  scrambling 
UJI  to  make  changes  in  the 
planned  Gamma  Ray  Observatory  to 
compensate  for  bursts  of  radiation  that 
do  not  originate  in  the  heavens.  The 
GRO,  slated  to  be  launched  next  year, 
will  have  to  contend  with  gamma  rays 
that  originate  in  nuclear-powered 
Soviet  satellites. 

The  $500  million  GRO  is  designed  to 
study  both  intermittent  and  steady 
sources  of  gamma  rays.  The  craft  will 
spend  several  years  orbiting  the  Earth, 
first  creating  a gamma  ray  map  of  the 
entire  sky  and  then  concentrating  on 
neutron  stars  and  other  sources  of 
gamma  ray  bursts.  Gamma  rays  are  of 
particular  interest  to  astronomers  be- 
cause they  indicate  the  presence  of 
nuclear  fission,  and  scientists  hope  to 
use  the  satellite  to  gain  insights  into  the 
origin  and  evolution  of  the  universe. 

But  the  presence  of  orbiting  Soviet 
nuclear  satellites,  which  American  offi- 
cials believe  are  used  to  monitor  ship 
movements,  threatens  to  throw  a 
radioactive  monkey  wrench  into  the 
GRO  program  by  creating  false  alarms. 

The  uranium  inside  the  Soviet  satel- 
lites emits  gamma  rays  directly  and 
also  produces  charged  particles  as 
the  rays  pass  through  the  spacecraft, 
leaving  a trail  of  positrons  and  elec- 
trons in  its  wake,  says  Arthur  Reetz, 

NASA’s  GRO  program  manager.  "When 
they  interact  with  our  spacecraft  mate- 
rials, they  create  gamma  rays  right  in 
the  vicinity  of  our  detectors,”  Reetz  ex- 
plains. “It’s  much  like  the  light  pollution 
that  some  of  the  astronomical  obser- 
vatories are  experiencing  on  the 
ground." 

The  space  agency  is  taking  a two- 
pronged approach  to  avoiding  false 
measurements.  One  effort  involves 
telling  the  satellite  to  disregard  i Space  station  astronauts  will  have  their  handsfree,  thanks  to  a newly  developed 

readings  in  certain  parts  of  the  Earth’s  ; helmet-mounted  display. 


When  astronauts  Pinky  Nelson 
and  James  (“Ox")  Van  Hoften 
repaired  the  Solar  Max  satellite  during 
a space  shuttle  mission  in  April  1984, 
they’d  spent  six  months  training  for  the 
task.  But  onboard  the  international 
space  station  Freedom,  with  as  many 
as  three  spacewalks  per  week  on  the 
schedule,  that  amount  of  training  won’t 
be  possible  for  any  single  job.  That’s 
where  a helmet-mounted  display 
(HMD)  being  tested  at  NASA’s  Johnson 
Space  Center  comes  in. 

Suppose  you’re  outside  the  station 
assembling  a strut  and  you  need  to 
refer  to  a diagram.  Just  call  up  the 


Tapping  audience  interest:  Chrysler’s 
Dodge  Spirit  ad 

SMCE  FOR  SALES 


aow  that  the  United  States  is 
back  in  the  business  of 
launching  spacecraft,  advertisers  are 
once  again  turning  to  space  as  a theme 
for  selling  a whole  galaxy  of  products 
and  services. 


Immediately  after  the  Challenger 
tragedy,  Madison  Avenue  backed  off 
from  using  ad  themes  related  to  the 
space  program.  But  since  the  shuttle 
got  back  on  track  with  Discovery’s 
launch  a year  ago,  sponsors  and  ad 
agencies  have  been  returning  to  the 
cosmos  to  tap  audience  interest.  A 
recent  TV  spot  for  Glad  Drawstring 
trash  bags,  for  example,  shows  ersatz 
shuttle  astronauts  using  the  bags  to 
stash  orbiting  junk.  The  Chrysler  Cor- 
poration kicked  off  its  own  high-profile 
campaign  during  last  January’s  Super 
Bowl.  In  the  ad,  a throng  assembled  to 
watch  Discovery  land  in  the  California 
desert  turns  away  from  the  touchdown 
to  ogle  a shiny  new  Dodge  Spirit  ES 
driving  through  the  parking  area. 

Jay  Kuhnie,  national  advertising 
manager  for  Dodge  cars,  says  that 
the  shuttle,  representing  a home- 
grown, high-tech  mode  of  transporta- 
tion, was  suggested  by  the  BBDO 
Worldwide  ad  agency  to  communicate 
Dodge’s  enthusiasm  for  the  engineer- 
ing advances  used  in  designing  the 
Spirit.  This  subtly  patriotic  theme 
apparently  succeeded;  Kuhnie  notes 
that  viewer  reaction  and  sates  figures 
have  been  favorable. 


Print  advertisements  also  are  being 
designed  with  space  in  mind,  An  orbit- 
ing satellite  is  the  dominant  image  in 
Consolidated  Freigbiway’s  full-page 
magazine  ads,  and  the  state  of  Florida 
led  a seven-page  spread  in  Forbes 
with  a shuttle  launch  photo  Epn  real 
estate  developers  have  gotten  the 


Notion  RiuM 

EARTH 


act:  Orchard  Properties  of  San  Jose, 
California  uses  the  shuttle  to  signify 
"developments  in  our  developments.” 
Advertising  trends  often  reflect  the 
mood  and  interests  of  the  nation  at 
large.  If  that's  true  in  this  case,  the 
resurgence  of  cosmic  themes  may  be 
good  news  for  advocates  of  an 
expanded  American  commitment  to 
space  exploration.  — Mary  O'Neill 

THIS  WAY  TO  THI 
EDGE  OF  THE  U»/ERSE 

aow  do  you  get  an  ultra- 
delicate,  25,000-pound  tele- 
scope from  the  California  coast  to  its 
launch  site  on  the  other  side  of  the  con- 
tinent? Back  in  1986,  when  NASA's  Hub- 
ble Space  Telescope  was  originally 
scheduled  for  launch,  that  presented 
quite  a problem.  The  14-foot-diameter 
telescope  was  too  large  to  travel  by 
truck,  and  no  aircraft  could  accommo- 
date its  special,  environmentally  con- 
trolled container.  Even  NASA’s  "Super 
Guppy"  was  too  small.  So  shipping  it 
through  the  Panama  Canal  on  the 
Navy’s  giant  USS  Greenwave  looked 
like  the  only  option  left. 

But  with  the  extra  time  bought  by 
successive  launch  delays,  NASA  and 
Lockheed,  the  telescope’s  builder, 


have  had  a chance  to  rethink  their  plan. 
The  Panama  Canal,  after  all,  is  subject 
to  violent  hurricanes  and  political 
unrest.  And  even  though  the 
Greenwave  could  have  been  modified 
to  carry  the  telescope,  because  of 
other  commitments  it  could  only  have 
done  so  in  May  or  November-forcing  a 
long,  risky  wait  at  the  Florida  end  of  the 
trip,  which  itself  would  have  taken  two 
weeks. 

Earlier  this  year,  says  Lockheed’s 
program  manager  Jim  Carlock,  the  Air 
Force  came  up  with  a solution:  a newly 
modified  C-5A  cargo  aircraft  that  can 
carry  a shuttle  bay-sized  cargo.  So 
come  October,  Hubble  will  roll  into  its 
container  on  wheels  and  rumble  at  a 
leisurely  five  miles  per  hour  down  a pri- 
vate road  from  Lockheed  in  Sunnyvale, 
California,  to  Moffett  Field,  about  a mile 
away,  where  the  big  cargo  plane  will  be 
waiting  to  transport  the  pride  of  the 
astronomical  world  to  its  Florida  launch 
site. 

Maintained  on  the  ground  at  a cost  of 
$7-8  million  a month  (including 
upgrades)  since  1986,  the  giant  tele- 
scope is  planned  finally  to  reach  orbit 
next  March,  when  it  will  begin  revealing 
the  secrets  of  quasars,  black  holes  and 
the  size  of  the  universe  itself. 

—Ray  Spangenburg/Diane  Moser 


& ts*£Hn5cian*s  face  is  reflected  in  Hubble’s  soon-to-toe-orbiting  main  mirror. 
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SPACE  TELESCOPE  SCIENCE  INSTITUTE 


LAST  GAS  BEFORE  MARS 

t probably  never  wifi  be  as 
simple  as  filling  up  at  the  local 
gas  station,  but  NASA  is  planning  an 
orbiting  satellite  that  may  serve  as  a 
refueling  point  for  missions  to  the  Moon 
or  to  the  planets. 

Scientists  and  engineers  at  Lewis 
Research  Center  in  Cleveland  are 
working  with  private  companies  and 
other  NASA  centers  to  refine  designs 
for  the  Cryogenic  On-orbit  Liquid 
Depot-Storage,  Acquisition  and  Trans- 
fer, mercifully  known  by  the  simple 
acronym  ‘LCOLD-SAT.ai  The  ultimate 
goal  is  to  park  COLD-SAT  in  orbit, 
possibly  at  a libration  point  near  the 
Moon,  where  inbound  or  outbound 
spacecraft  could  stop  over  and  tank  up 
with  the  supercold  fluids. 

COLD-SATs  refueling  capability 
would  be  a big  step  forward  in  devel- 
oping long-range  missions  to  Mars  and 
beyond.  Another  potential  use  for  the 
satellite  is  the  storage  and  transfer  of 
hydrogen  and  ' oxygen  mined  from 
asteroids  or  from  lunar  rocks. 

One  major  problem  involves  temper- 
ature control.  With  cryogenic  fluids, 
vapors  form  easily,  and  in  space  it  isn't 
practical  to  "just  open  a vent  and  let  the 
gases  escape,11  explains  Patrick 
Symons,  manager  of  cryogenic  fluid 
technology  at  Lewis.  Vapors  can  affect 
propellant  transfers;  as  super-cooled 
fluids  move  into  an  empty  tank,  which 
generally  Is  warmer,  the  formation  of 
vapors  could  cause  the  tank  to  burst.  In 
addition,  those  same  vapors  can  dis- 
tort sensor  readings.  "It's  not  like  a gas 
gauge  on  your  car/1  Symons  says. 


Where  to  go  when 
your  fuel  is  low 


Ensuring  stability  of  the  supercold 
fuels  also  remains  a priority  since  the 
tanks  may  remain  In  storage  for  lengthy 
periods.  After  all,  it  may  be  a long  time 
between  fuel  stops  for  future  space 
travelers. 

—Bob  D.  Gibson 

PORTABLE  POWER 

When  the  commander  of  the 
Space  Shuttle  wants  to  shave, 
he  plugs  his  razor  intoa  fuel  cell.  Inside 
the  ceil,  hydrogen  and  oxygen  com- 
bine to  form  H20.  The  reaction  pro- 
duces a current,  which  powers  the 
spacecraft's  electrical  system. 

Now  a Wyckoff,  New  Jersey,  com- 
pany called  Ergenics  Power  Systems 
plans  to  bring  some  of  that  technology 
down  to  Earth,  The  firm  has  developed 
a small,  portable  fuel  cell  capable  of 
running  a 100-watt  lamp  for  three 
hours.  Designed  to  replace  current 
rechargeable  battery  packs,  the  unit 
pults  oxygen  from  the  air  and  carries 
hydrogen  in  a cartridge  full  of  special 
metal  alloy  grains.  The  grains  absorb 
the  gas.  storing  it  safely  as  a hydride, 
"It’s  good  for  a number  of  applica- 
tions where  you  need  silent,  portable 
power,"  says  Ergenics  vice-president 
Matthew  Rosso.  The  company's  pro- 
totype can  be  refilled  from  a 
pressurized  hydrogen  source  in  just  15 
minutes,  and  operates  well  in  sub-  zero 
temperatures  that  hamper  batteries. 
Best  of  all,  it  weighs  just  13  pounds. 


which  already  has  caught  the  attention 
of  many  video  cameramen,  who  now 
have  to  lug  around  66  pounds  of  nickel- 
cadmium  batteries  to  get  the  same 
amount  of  power, 

Ergenics  is  looking  for  a business 
partner  to  help  perfect  the  unit  and  put 
it  Into  wide  use.  In  the  meantime,  the 
New  Jersey  firm  has  its  hands  full 
designing  a similar  unit  for  NASA, 
Ergenics'  contract  with  the  space 
agency  calls  for  the  development  of  a 
compact,  reusable  hydrogen-oxygen 
fuel  ceil  to  power  the  life-support  sys- 
tems of  astronauts  during  extravehicu- 
lar activity.  With  hundreds  of 
spacewalks  planned  for  space  station 
Freedom,  NASA  needs  something  to 
replace  the  short-lived  zinc-silver 
oxide  batteries  now  carried  in 
astronauts'  backpacks. 

On  Earth,  fuel  cell  enthusiasts  imag- 
ine a time  when  larger  units  will  power 
everything  from  lighthouses  to  auto- 
mobiles without  polluting  the  air,  warm- 
ing the  atmosphere  or  waking  the 
neighbors.  For  now,  pragmatists  like 
Rosso  believe  that  scaled-down  ver- 
sions can  be  used  to  fill  small,  special- 
ized niches:  computer  back-up 


Shuttle  shavers  may  be  the  start  of  some-  ! 
thing  big, 

systems  that  provide  emergency  \ 
power  for  weeks  instead  of  minutes,  or  j 
environmental  monitors  in  remote,  j 
frigid  climates  If  fuel  cell  technology  is  [ 
as  promising  as  it  seems,  such  limited  i 
uses  could  be  the  start  of  something  j 
big. 

— S,  Matthew  Sabatini  \ 
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Backyard  Universe 

In  Voyager’s  Footsteps 


Qespite  all  its  later  triumphs, 
the  first  of  two  Voyager  probes 
j went  virtually  unnoticed  when  it  was 
: launched  from  Cape  Canaveral  on 
i August  20, 1977  as  America  mourned  a 
i monarch.  Elvis,  the  King,  was  dead. 

Blockbuster  news  stories  always 
; seem  to  bump  the  Voyagers’  triumphs 
i to  the  inside  pages  of  history.  Back  in 
j 1979,  the  falling  Skylab  space  station 
I concerned  people  more  than  Voyager 
j 2’s  fly-by  of  gaseous  Jupiter.  As  the  Voy- 
j agers  made  their  passes  at  Saturn, 
i Reaganomics  dominated  the  head- 
| lines.  And  Voyager  2 gave  us  the  first 
; close-up  look  at  Uranus  just  two  days 
i before  the  Challenger  tragedy 
: eclipsed  every  news  story  for  months, 
j Finally,  Voyager  2 has  the  stage  to 
j itself.  Its  twin,  Voyager  1 (launched 
about  two  weeks  after  Voyager  2),  has 
j veered  out  of  our  Solar  System  for  the 
j hinterlands  of  the  Milky  Way,  while  Voy- 
i ager  2 explores  distant  Neptune  alone. 

\ You  may  catch  up  with  the  Voyager 
j spacecraft,  tonight  and  any  other  night 
| for  the  next  few  months,  from  a place  as 
i close  as  your  backyard.  It  takes  only  a 
| few  minutes  to  tour  the  probe’s  last 
::  three  stops;  Saturn,  Uranus  and  Nep- 
\ tune  are  close  to  each  other  in  the  con- 
j stellation  Sagittarius, 
j Sagittarius  looks  like  a teapot  hang- 
; ing  over  the  low  southern  sky.  Saturn 
j will  be  the  only  planet  visible  to  the 
[ naked  eye,  hovering  above  the  teapot 
i handle.  The  constellation  and  its  cur- 
j rent  planetary  companions  will  be  vis- 
i ible  for  the  first  half  of  the  night, 
i Saturn’s  rings  display  their  magnifi- 
: cence  best  when  they’re  fully  tilted  as 
j seen  from  Earth.  With  the  power  of  a 


Me  the  “Grand  Tbur” 
with  your  telescope. 

▼ T ▼ 

By  Blaine  RFriedlaiider,  Jr. 

moderate  telescope,  mounted  on  a 
firm  pier,  you  should  be  able  to  distin- 
guish the  rings  and  the  shadow  they 
cast  on  the  giant  planet.  Look  also  for 
the  dark  line  in  the  rings  called  Cas- 
sini’s Division.  The  Voyager  encounters 
proved  that  this  large  gap  is  caused  by 
gravitational  forces  from  Mimas,  one  of 
Saturn’s  17  known  moons. 

The  two  planets  visited  only  by  Voy- 
ager 2 are  much  harder  to  find  for  those 
without  skygazing  experience.  Let’s  be 
honest:  These  planets  ain’t  too  bright. 
Finding  them  on  your  own  for  the  first 
time  can  be  done,  but  it’s  not  easy. 

Astronomers  judge  "naked-eye”  visi- 
bility to  be  about  +6.0  magnitude 
(level  of  brightness).  Uranus,  right  now, 
weighs  in  at  about  +5.6  magnitude. 
Hot,  humid,  summer  nights  don’t  help. 
Go  to  the  darkest  place  you  know,  pre- 
ferably far  from  the  cities;  a place  that 
offers  fresh  air  and  clear  views  of  the 
heavens.  Distant  hilltops  or  mountain- 
tops  will  do  nicely,  as  will  unpopulated 
beaches  that  have  little  night  light. 

Uranus  is  a little  blue  dot  to  the  right 
of  Saturn.  Don’t  be  disappointed-even 
in  binoculars  and  telescopes,  it  still 
looks  like  a little  blue  dot.  Feel  fortunate 
to  see  Uranus  at  all.  It’s  1.8  billion  miles 

The  story  so  far:  Voyager’s  first  three 
stops  were  Jupiter,  Saturn  and  Uranus. 


away,  and  it  took  Voyager  2 about  eight 
and  a half  years  to  get  there. 

Well  beyond  Uranus  lies  Neptune, 
the  target  of  Voyager  2’s  last  close 
encounter.  The  spacecraft  stretched 
its  resources  to  get  there,  using 
Uranus’  gravity  to  propel  itself  toward 
its  goal.  Even  at  40,000  miles  per  hour, 
Voyager’s  trip  from  Uranus  to  Neptune 
took  another  three  and  a half  years. 

Through  a moderately-powered  tele- 
scope, Neptune  is  a bluish  speck  to 
Saturn’s  left.  It’s  almost  sitting  on 
Saturn’s  shoulders.  Neptune’s  faint 
+ 7.9  magnitude  doesn’t  lend  itself  to 
hazy,  summer  viewing.  But,  con- 
sidering how  far  the  planet  is  from  your 
backyard,  the  viewing  is  prime. 

If  you  stay  up  past  the  late  news,  you’ll 
find  Jupiter,  the  first  planet  the  Voyag- 
ers visited.  A luminous  object  at  -2.1 
magnitude,  Jupiter  rises  in  the  east  late 
at  night.  One  of  the  best  objects  to 
catch,  the  giant  planet  can  be  seen 
well  with  the  naked  eye,  a pair  of  binoc- 
ulars or  with  any  size  telescope.  In  a 
small  telescope,  Jupiter’s  four  largest 
moons — Ganymede,  Callisto,  Europa 
and  lo — dance  around  the  king  planet. 
You  also  may  see  some  of  the  turbulent 
atmospheric  bands  (or  "belts”)  that 
encircle  Jupiter.  In  a moderate-sized 
'scope,  the  Great  Red  Spot,  a cen- 
turies-old cyclonic  storm,  comes  into 
focus. 

Even  with  an  ordinary  telescope,  you 
can  accomplish  in  a few  hours  what 
it  took  the  Voyager  probes  years  to 
do.  You  can  explore  for  yourself  the 
great  milestones  of  the  outer  Solar 
System— or,  in  Voyager’s  case,  billion- 
milestones.  □ 
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How  to  Beat 
the  High  Cost 
of  Space 


Technological  "magic 
bullets"  are  one  answer. 

But  NASA,  Congress 
and  the  aerospace  industry 
also  need  to  take  a hard  look 
at  the  way  they  do  business. 

BY  GARY  STEPHENSON  AND 
GREG  FREIHERR 


Standing  like  a silver  needle 
on  the  launch  pad  at  Cape 
Canaveral  in  December 
1957  the  Vanguard  rocket 
was  more  a monument  to 
American  politics  than  to 
engineering.  It  had  been 
an  esoteric  project  with  lit- 
tle political  significance  until  the  embar- 
rassment of  the  first  two  Sputniks. 
Vanguard's  response  to  the  Soviets  was 
a spectacular  failure  on  the  launch  pad, 
as  the  rocket  crumpled  into  a ball  of 
flames. 

President  Eisenhower  tried  to  explain: 
“Vanguard... has  not  had  equal  priority 
with  that  accorded  our  ballistic  missile 
work  . ..Our  satellite  program  has  never 
been  conducted  as  a race  with  other 
nations.” 

That  soon  changed,  Within  weeks  an 
American  satellite  was  fired  into  space 
atop  a military  booster,  and  an  all-out 
competition  with  the  Soviets  was  under- 
way. The  race  finally  ended  in  1975,  with 
the  detente  of  Apollo-Soyuz.  But  even 
before  that  symbolic  handshake  in  orbit, 
the  political  force  that  had  driven  the 
early  space  program  had  almost  com- 
pletely disappeared. 

Today  NASA,  which  took  shape  at  the 
height  of  the  cold  war,  is  struggling  for 
direction.,. ft  seems  there’s  not  enough 


money  to  do  everything.  Despite  size- 
able increases  in  the  space  agency's 
budget,  to  more  than  $10  billion  last 
year,  NASA  talks  like  a pauper. 

Is  it  time  for  America  to  choose  which 
field  of  space  exploration  It  will  lead? 
Choose  between  astronauts  and 
robots?  Let  other  nations  pick  up  the 
slack?  If  it  does,  the  United  States  will 
have  made  the  easy  choice.  The  hard 
ones— those  that  might  improve  the 
way  the  nation  conducts  its  space  busi- 
ness— will  have  gone  untried. 

The  problems  are  rooted  deep  in 
America's  history,  yet  they  are  as  new  as 
the  next  moment.  It  is  that  duality  that  is 
so  vexing.  What  has  made  America 
strong  is  now  threatening  to  make  her 
weak. 

Since  the  industrial  revolution  Ameri- 
cans have  been  in  love  with  technol- 
ogy— new,  expensive,  untested 

technology.  The  overwhelming  need  to 
have  the  newest  and  the  best  borders 
on  an  addiction.  And  it  has  to  stop. 

"We  may  be  on  the  verge  of  technol- 
ogy saturation,  and  that’s  why  we  need 
to  manage  and  innovate  based  on  cur- 
rent technology,"  says  Kenneth  A. 
Kovaly,  president  of  Technical  Insights, 
Inc.,  which  specializes  in  tracking  the 
development  of  technology  worldwide. 
“There  is  just  too  much  technology  out 
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Borrowing  from 
the  past  to  meet 
present  needs: 

The  Magellan  (top} 
and  Pegasus 
projects  both 
lowered  their 
development 
costs  by  improving 
and  adapting 
existing 
technology, 


there,  waiting  for  new  development  to 
make  it  useful/' 

Slowly,  space  engineers  are  begin- 
ning to  pull  existing  technology  off  the 
shelf,  modify  it  and  turn  it  into  some- 
thing new  and  cost-effective.  NASA 
planetary  scientists,  perpetually 
starved  for  money,  cannibalized  old 
Voyager,  Mariner  and  Galileo  spare 
parts  for  the  Magellan  Venus  probe— a 
cheaper  solution  than  designing  and 
building  a new  spacecraft  from 
scratch. 

In  some  cases,  private  industry  has 
been  the  catalyst,  Pegasus,  a new 
booster  launched  from  the  wing  of  an 
airborne  B-52  bomber  or  commercial 
jet,  is  basically  an  improvement  on 
technology  developed  for  the  X-15 
project  in  the  1960s.  Orbital  costs  are 
still  high— about  60  percent  more  per 
pound  than  with  larger  boosters  such 
as  the  Delta  2,  But  Pegasus  promises 
quick  access  to  space  for  small  pay- 
loads,  which  may  help  to  create  a new 
market  for  affordable  space 
experiments. 

This  “adapt  and  improve"  philoso- 
phy also  extends  to  computer  technol- 
ogy, During  the  late  1970s,  the  non- 
space research  community  saw  a 
boom  In  the  use  of  automation,  artificial 
intelligence  and  advanced  electron- 
ics. Until  recently  space  engineers 
had  yet  to  take  advantage  of  some  of 
those  advances.  But  NASA  and  the 
Defense  Department  recently  demon- 
strated a computer  that  combines 
existing  hardware  and  software,  which 
can  rival  supercomputers  in  solving 
highly  defined  problems,  yet  is  within 
the  price  range  of  individual  laborato- 
ries, The  development  is  not  earth- 
shaking^scientists  in  other  fields 
have  been  hooking  up  less  powerful 
computers  for  years.  Even  the  concept 
of  parallel  processing  to  solve  several 
parts  of  a problem  simultaneously, 
rather  than  sequentially  is  old.  And  that 
is  its  beauty. 

But  existing  technology  isn't  always 
up  to  the  job.  NASA  has  long  recog- 
nized that  one  way  to  bring  down  the 
cost  of  spaceflight  is  to  improve  per- 
formance through  automation,  and  the 
biggest  long-term  gains  are  promised 
by  the  most  advanced  systems. 

The  development  costs  for  a system 


to  control  electrical  power  generators 
on  space  station  Freedom,  for  exam- 
ple, wilt  be  about  $85  million  if  “expert" 
computer  systems  are  included,  $75 
million  if  off-the-shelf  automation  tech- 
niques are  applied;  and  $45  million  if 
an  astronaut -controlled  system  is 
used.  Cost  savings  could  be  realized  in 
as  little  as  two  to  four  years  if  the  auto- 
mated systems  are  chosen.  After  that, 
annual  operations  would  run  about  $30 
million  for  the  manual  system;  about 
$13  million  for  conventional  automation 
and  $10  million  for  expert  systems.  But 
higher  upfront  expenses  are  hard  to 
swallow  politically. 

What's  needed  is  a judicious  mixture 
of  old  and  new  technology  Borrowing 
from  past  research  to  meet  present 
needs  may  be  the  solution  in  one  case. 
Investing  in  new  technology  to  build  a 
foundation  for  the  future  may  be  appro- 


ALS:  The 
Dream  Machine 

ig  Is  not  necessarily  complex," 
Col.  John  Womnington  pauses 
to  let  that  last  statement  sink  in,  \ 
can  tell,  even  over  the  phone,  that  the 
wal  Is  of  his  office  at  the  Ai  r Force  Space 
Division  in  Los  Angeles  must  be 
covered  with  such  slogans. 

"We  don't  have  a national  launch 
capability  that  we  can  trust,"  claims  the 
man  in  charge  of  the  Air  Force/NASA 
Advanced  Launch  System  (ALS)  pro- 
gram. And  his  single-minded  mission  is 
to  see  that  we  build  one. 

If  he  succeeds,  Womnington  will 
realize  the  dream  of  many  a space 
visionary  before  him:  finding  a cheap, 
reliable  means  of  getting  to  Earth  orbit. 
The  first  hundred  miles  of  any  space 
voyage  are  still  by  far  the  most  expen- 
sive. And  without  a low-cost  alternative 
to  todays  launchers,  our  dreams  of 
going  to  the  Moon,  Mars  and  beyond 
may  never  happen. 

So  Womnington  ts  working  on  solu- 
tions. "Amateurs  talk  strategy,"  he 
says,  quoting  a Prussian  army  dictum. 
"Professionals  talk  logistics." 
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priate  in  another. 

Through  its  Pathfinder  program, 
NASA  has  started  looking  at  innovative 
propufsion  systems,  robotics,  even 
methods  for  extracting  minerals  from 
the  planets,  Moon  and  asteroids.  Push- 
ing the  technology  in  these  selected 
areas  promises  cost  savings  in  future 
NASA  operations.  For  example,  aero- 
braking,  which  reduces  the  need  for 
retro-rockets  by  using  atmospheric 
drag  to  slow  a spacecraft  arriving  in 
orbit,  would  cut  down  on  the  weight 
and  expense  of  a Mars  mission.  An 
aerobraking  demonstration  flight  in 
Earth  orbit  is  now  scheduled  for  1994 
on  the  shuttle. 

But  there  is  danger  in  pursuing  new 
research  within  a bureaucracy  Even 
when  it’s  justified,  innovation  has  to  be 
planned.  New  technologies  have  to  fit 
in  with  existing  ones,  or  they  will  not — 


Program  managers  for  the  ALS  use 
the  Air  Forces  Titan  4 — which  prices 
out  at  $3600  per  pound  to  orbit  — as 
their  yardstick  of  current  launch  costs. 
By  simply  taking  a new  design 
approach  and  applying  new  (but  not 
revolutionary)  technology,  Wormington 
says,  ALS  can  get  the  number  down  to 
about  $1000  a pound  at  today's  launch 
rates. 

In  order  to  achieve  the  economy  of 
scale  that  would  lower  the  cost  to  $300 
a pound,  however  — the  factor  of  ten 
reduction  that  is  ALS’  stated  goal  — he 
figures  the  nation  would  have  to  be 
launching  20  to  25  vehicles  a year,  with 
150,000  pounds  of  cargo  each  — a 
level  of  activity  associated  with  a lunar 
base,  a Mars  expedition  or  the 
Strategic  Defense  Initiative. 

A key  to  the  ALS  design  approach  is 
simplicity  "Were  building  a truck,1' 
says  Worm ington,  "not  a race  car."  And 
that  means  sacrificing  performance  for 
the  sake  of  durability  The  main  engine 
for  the  ALS  will  have  far  fewer  working 
parts  to  break  down  than  does  the 


in  fact,  cannot— be  applied. 

Case  in  point:  At  the  Kennedy  Space 
Center  in  Florida,  V Leon  Davis,  chief  of 
the  robotics  section,  is  trying  to  build  a 
robot  that  will  automatically  connect 
and  disconnect  fuel  line  umbilicals  to 
the  space  shuttle.  What  takes  a launch 
crew  up  to  30  hours  to  connect  could 
be  done  by  a computer-driven  robot  in 


“A  truck,  not  a race  car," 


high-performance  space  shuttle  mam 
engine.  The  ALS  engine  may  be 
heavier  and  less  efficient  — its  turbo- 
pumps will  produce  only  35  horse- 
power per  pound  of  weight,  as 
compared  to  100  horsepower  for  the 
space  shuttle  — but  it  will  cost  much 
less  to  produce  and  to  pamper 
The  losses  and  delays  that  plague 
delicate,  high-technoiogy  launch  oper- 
ations have  to  be  factored  into  the  over- 
all cost  equation,  says  Wormington.  For 
that  reason,  ALS  probably  will  carry 
more  redundant  backup  systems  even 
than  the  manned,  safety-conscious 
space  shuttle.  Although  it  will  pay  a 
weight  penalty  by  lugging  along 
backup  engines  and  extra  instruments 
to  monitor  its  own  health,  the  ALS  will 
make  up  for  it  in  terms  of  operational 
reliability  In  fact,  says  Wormington,  the 
unmanned  vehicle  should  prove  so 


three  minutes t he  says.  Fuel  fines 
would  be  mounted  at  the  end  of  a robot 
arm  and  jammed  into  connectors  on 
the  shuttle,  held  in  place  purely  by  the 
force  exerted  by  the  robot.  It  would 
eliminate  the  need  to  connect,  and 
then  tighten,  individual  valves. 

The  KSC  team  has  made  significant 
progress,  proving  the  potential  of  its 
invention  in  laboratory  tests.  But  Davis 
acknowledges  that  the  robot,  if  ever 
built,  probably  will  not  be  used  on  the 
current  space  shuttle. 

"Methods  don't  generally  get 
changed  just  because  something  is 
better,"  Davis  says.  Rather,  the  technol- 
ogy has  to  be  part  of  the  overall  design 
scheme  of  the  vehicles  it  will  service. 
The  fueling  robot  may  have  to  wait  for 
the  proposed  Shuttle  C,  an  unpiloted 
version  of  the  shuttle  now  being  con- 
sidered by  NASA  as  a possible  heavy- 


| safe  and  reliable  that,  eventually 
' "astronauts  will  beat  a path  to  our  door 
to  fly  on  it," 

Another  ALS  goal  is  to  streamline  the 
manufacturing  process.  "The  primary 
cost  of  anything  we  do  is  the  people/1 
says  Wormington.  A pound  of  alumi- 
num, for  example,  costs  only  two  dol- 
lars, But  by  the  time  highly  trained 
technicians  cut,  shape  and  fashion  it 
into  a panel  installed  on  a Titan  rocket, 
the  price  has  risen  to  $90  a pound  36 
the  ALS  program  will  again  stress  cost 
savings  over  race-car  petioifrian&e 
Instead  of  milling  each  piece  of  melai 
to  very  precise,  delicate  tolerances, 
heavier  and  lower-tech  parts  could  be 
mass-produced  by  machine. 

Wormington  also  has  schemes  to  cut 
down  on  the  large  army  of  workers  now 
required  to  launch  a rocket  into  space. 
ALS  vehicles  will  be  assembled, 
tested,  fueled  and  launched  at  the 
same  facility  often  by  the  same  peo- 
ple. Titans,  by  contrast,  are  built  and 
tested  in  Colorado,  then  taken  apart 
continued  on  page  56 
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If  space  station 
Freedom  and  the 
National 

Aerospace  Plane 
are  to  advance 
new  technology, 
the  costs  will  be 
high,  and 
politicians  will 
need  to  follow 
through  on  their 
commitment. 


lift  vehicle.  On  Shuttle  C,  Davis  says, 
the  robot  “could  result  In  major 
structural  improvements.  Were  talking 
about  tremendous  savings  in  the  oper- 
ation of  that  vehicle.1* 

Support  operations  account  for  a 
huge  amount  of  the  expenditures 
needed  to  explore  space.  Keeping  an 
astronaut  in  orbit  costs  between 
$10,000  to  $100,000  per  hour  depend- 
ing on  the  size  of  the  shuttle  crew  and 
what  they  are  doing.  Ground  personnel 
alone— including  launch  pad  crews, 
mission  controllers  and  support  teams 
at  the  landing  site — eat  up  a large 
share  of  the  cost  of  each  shuttle 
mission. 

NASA  is  making  some  headway  in 
reducing  this  expense.  The  launch  of 
the  last  Tracking  and  Data  Relay  Satel- 
lite into  orbit,  for  example,  allowed  the 
agency  to  save  money  by  closing  sev- 
eral tracking  stations  on  Earth. 

The  Office  of  Technology 
Assessment  (OTA),  which  advises  Con- 
gress, has  come  up  with  a number  of 
suggestions  for  streamlining  space 
operations,  including  the  greater  use 
of  built-in  test  equipment  for  space 
hardware;  automated  inspection  pro- 
cedures; "fault-tolerant”  computers; 
automated  handling  of  launch  vehicles 
and  payloads;  computer-aided  soft- 
ware development  and  expert  com- 
puter systems. 

When  it  comes  to  automation,  says 
OTA’s  Ray  Williamson,  "it  is  my  impres- 
sion that  NASA  has  not  done  all  it  can. 
They  have  computers  all  over  the 
place,  but  when  it  actually  comes  to 
scheduling  parts  of  the  launch  proc- 
ess, that  all  goes  on  paper."  Changes 
require  at  least  five  engineers  to  sign 
off.  “The  same  piece  of  paper  is 
passed  on,  and  it  sits  in  someone's  in- 
box,” Williamson  says.  “It  takes 
forever.” 

This  and  other  inefficiencies  are 
reflected  in  the  high  cost  of  launching 
payloads  into  orbit — $3,800  per 
pound  on  the  Delta  2 booster;  between 
$3,100  and  $4,100  on  the  Air  Force's 
Titan  4;  and  between  $3,000  and 
$3,500  on  the  space  shuttle. 

The  shuttle’s  reusability  has  kept  its 
costs  down  despite  the  extra  expense 
associated  with  flying  astronauts.  But 
the  number  NASA  cites  for  the  shuttle  is 


based  on  14  flights  per  year.  This  year  it 
will  make  no  more  than  six  flights,  if 
that 

The  great  promise  of  the  National 
Aerospace  Plane  project  is  that  /t  wifi 
lead  to  space  vehicles  that  are  more 
like  commercial  airliners,  with  the  sheer 
volume  of  traffic  bringing  costs  down. 
But  those  savings,  if  achieved,  may  be 
decades  a way.  Near-term  costs  might 
be  reduced  to  about  $2,000  per  pound 
with  NASAs  Shuttle  C,  and  as  little  as 
$300  per  pound  with  the  Advanced 
Launch  System  (ALS),  a joint  Air  Force/ 
NASA  endeavor  (see  page  20). 

Hopes  of  success  for  the  ALS  are 
based  partly  on  such  innovative 
approaches  as  replacing  hydraulic 
systems  with  electro-mechanical 
devices.  This  alone  has  the  potential  to 
reduce  ground  processing  time  by 
9,000  hours. 

But  whether  ALS  will  succeed  is 
debatable.  Despite  its  stated  goal  to 
bring  down  launch  costs  by  a factor  of 
ten,  Air  Force  officials  have  already 
begun  saying  that  it  may  only  be  possi- 
ble to  cut  costs  to  $600  or  $1,000  a 
pound. 

The  realization  that  these  reductions 
may  not  be  achieved  is  old  hat  to  veter- 
ans of  the  space  industry.  Lowering  the 
cost  of  spaceflight  was,  after  all.  one  of 
the  primary  reasons  the  space  shuttle 
came  into  being.  "Although  they  all 
have  good  intentions,  this  cadre  of 
people  [working  on  ALS]  still  come 
from  an  aerospace  community  used  to 
doing  business  the  old  way,1'  William- 
son says. 

The  underlying  problems  that  pla- 
gue this  country's  space  efforts  are 
deeply  rooted  in  a bureaucratic  and 
political  system  that  usually  seeks 
cures  to  its  ills  in  technological  “magic 
bullets  1 Instead  of  addressing  the  fun- 
damental way  it  does  business,  the 
system  pins  its  hopes  on  the  next  new 
machine,  whether  it’s  the  space  shuttle 
or  the  aerospace  plane.  Then,  all  too 
often,  the  system's  inherent  problems 
creep  back  in. 

Multi-year,  multi-billion  dollar  con- 
tracts to  build  these  new  machines  are 
awarded  to  aerospace  companies  on 
the  basis  of  paper  promises— 
proposals  wrapped  around  unproven 
expectations.  In  essence,  contractors 


22  FINAL  FRONTIER 


High  Cost  of  Space 


do  not  sell  products;  they  sell  promises 
to  make  products. 

The  much  talked  about  “privatiza- 
tion" of  NASA  that  supposedly  would 
save  money  by  involving  private  indus- 
try in  space  activities  has  already  taken 
place — and  it  has  failed.  In  farming 
work  out  to  contractors,  the  govern- 
ment does  not  achieve  the  lean  effi- 
ciency of  competitive  industry. 
Generally,  it's  the  other  way  around — 
industry  adopts  the  inefficiencies  of 
government. 


Compared  to  What? 

No  question  about  it,  space 
exploration  costs  a lot  of 
money.  But  these  days,  how 
much  is  a lot?  With  the  help  of  a few 
handy  references,  including  the  Har- 
per's Index  and  the  Information  Please 
Almanac,  we  checked  the  price  tags  on 
some  other  high-budget  items  that  our 
society  deems  worth  the  expense. 

For  example,  this  year's  budget 
request  for  space  station  Freedom  is 
$2.1  billion.  That’s  roughly  one-fourth 
the  amount  Americans  spend  each 
year  on  pornography,  and  half  what 
they  spend  on  perfume. 

The  cost  of  the  entire  Voyager  pro- 
gram, from  launch  in  1977  through  Voy- 
ager 2’s  rendezvous  with  Neptune  in 
1989,  comes  to  $556  million.  That’s  just 
six  million  more  than  junk  bond  trader 
Michael  Milken  "earned’’  as  personal 
income  in  1987  It’s  about  $50  million 
more  than  Americans  paid  for  products 
related  to  Halley’s  Comet  during  its 
last  visit.  By  comparison,  moviegoers 
shelled  out  a combined  total  of  $503 
million  through  the  end  of  1987  to  see 
Star  Wars,  Return  of  the  Jedi  and  The 
Empire  Strikes  Back.  Meanwhile,  a 
single  "Stealth"  bomber  goes  for  $531 
million,  and  the  current  plan  is  to  build 
132  of  them. 

One  space  shuttle  flight — if  you  divide 
NASAs  1989  budget  for  shuttle  opera- 
tions by  the  number  of  missions  flown  this 
fiscal  year — costs  $400  million.  That’s 
about  the  same  amount  Coca-Cola 
spends  each  year  on  advertising.  Speak- 


When it  issues  a "Request  for  Pro- 
posals" (RFP)  for  a particular  project  or 
piece  of  space  hardware,  a govern- 
ment agency  like  NASA  tells  the  con- 
tracting world  what  the  product  should 
look  like,  how  much  time  it  should  take 
to  build,  even  how  many  "person- 
hours"  should  be  spent.  A contractor 
who  proposes  anything  outside  those 
parameters,  or  who  comes  up  with  a 
truly  revolutionary  approach,  risks  hav- 
ing its  proposal  rejected. 

Some  RFPs  even  tell  contractors  that 


ing  of  which,  direct  mail  advertisers  spent 
a total  of  $19.1  billion  in  1987  to  clutter  your 
mailbox — roughly  twice  the  amount 
NASA  spent  in  that  same  year. 

What’s  the  real  cost  of  the  Search  for 
Extraterrestrial  Intelligence?  NASAs  ten- 
year  program  to  listen  for  alien 
radio  signals  is 
priced  at  around 
$80  million— an 
average  of  eight 
million  a year. 

Compare  that  to 
the  Pentagon’s 
1986  phone  bill 
($84.8  million)  or 
to  the  amount 
spent  by  the  Uni- 
versity of  Ala- 
bama on  athlet- 
ics during  one 
(1985-86)  season 
($8.6  million). 

And  next  time 
someone  tells  you 
we  can’t  afford 
the  space  pro- 
gram, be  sure  to 
ask  who  we  are. 

According  to  Forbes  magazine,  the 
combined  net  worth  of  the  400  richest 
Americans  is  a whopping  $156  trillion. 
Even  if  all  400  flew  to  Mars  in  the  same 
spacecraft  (a  stretch  model  with  built- 
in  bar,  no  doubt),  there’d  probably  still 
be  enough  money  left  over  to  fill  the 
supply  ship  with  caviar.  □ 

-Tony  Reich hardt 


if  they  venture  outside  the  bounds  of 
the  government  request,  they  must 
prove  that  their  idea  is  better  or  be 
found  "nonresponsive."  That  alone  is 
grounds  for  rejection— and  reason 
enough  to  take  the  easier  course  of  giv- 
ing the  government  what  it  wants. 

Not  surprisingly,  when  NASA  asked 
industry  for  preliminary  designs  for  its 
permanent  orbiting  space  station  in 
1984,  every  contractor  came  back  with 
the  "dual  keel"  design  favored  by  the 
space  agency.  That  configuration  was 
later  dropped.  Too  expensive,  NASA 
decided. 

Extending  the  level  of  competition 
beyond  the  proposal  stage  might  be 
one  answer  to  the  problem,  but  govern- 
ment agencies  have  little  interest  in 
such  a solution.  Just  getting  through 
the  existing  procurement  procedure 
taxes  the  stamina  of  agencies  and  con- 
tractors alike.  Sometimes  red  tape  and 
procedural  requirements  dominate  the 
entire  process.  In  late  May,  NASA  short- 
circuited  its  own  bid  process  for 
selecting  a con- 
tractor to  build 
the  Advanced 
Solid  Rocket 
Motor,  an  up- 
graded version 
of  the  solid  boost- 
ers now  used  by 
the  shuttle.  Some 
of  the  pages  in 
the  "best  and 
final"  offer  pre- 
pared by  the 
team  of  Lockheed 
and  Aerojet 
turned  up  miss- 
ing. The  agency 
decided,  rather 
than  put  Lock- 
heed/Aerojet at  a 
disadvantage,  to 
award  the  con- 
tract on  the  basis  of  the  proposals  that 
were  submitted  initially.  Lockheed/ 
Aerojet  won. 

To  say  that  competition  is  hamstrung 
by  the  awards  process  is  an  under- 
statement. Contracts  in  the  hundreds 
of  millions  of  dollars  often  require  a 
"Phase  B"  competition — a face-off 
between  two  contractors  for  six,  nine  or 
continued  on  page  52 
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Last  Chance  To  Preregister  At  Discount  Rates 
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TECHNOLOGY  November  14-16,  \W 

COMMERCE  & George  R,  Brown  Convention  Center 

COMMUNICATIONS  Houston,  Texas  USA 

An  important  Conference  — 

“Charting  A Course  Into  The  1990s” 

Three  Intensive  days  of  presentations,  roundtable  discussions  and 
updates  on  government  and  industry  infrastructures  worldwide,  current 
and  future  space  transportation  concepts,  space  stations,  remote  sensing! 
materials  processing,  satellite  communications,  financing  ventures,  legal 
regulatory,  insurance,  and  policy  issues.  Over  100  senior  speakers  from 
industry,  policy  organizations  and  end-user  companies  discussing  the 
course  that  will  lead  space  business  into  the  1990'st  including  Mr. 
Donald  Beall  ,CEOr  Rockwell  International  Corporation;  Mr.  J.R, 
Thompson,  Deputy  Administrator,  NASA  Headquarters;  Mr,  Aaron 
Cohen,  Director , NASA/Johnson  Space  Center;  Dr.  Alan  Lovelace, 
General  Manager , General  Dynamics  Space  Systems  Division ; 

Mr.  O.  Firsyuk,  Glavcosmos:  "Tasks  & Objectives  of  Glavcosmos’ 

Mr.  B.  Potetayev,  G/avcosmos:  "Launch  Vehicles  in  Operation  in  the 
U.S.  S,  R ",  Mr  K,  Ovchinnikov:  'The  U.S.  S R.  System  of  Earth  Natural 
Resources  Research " and  Mr.  Milov  Yu:  "Versatile  Space  Transport 
System  Energia."  Plus  a tour  of  Johnson  Space  Center. 

The  Exhibits  - The  Showcase  of  Opportunities 

This  year  as  in  the  past,  exhibitors  from  around  the  world  will 
showcase  their  products,  services,  new  technologies  and  applications 
representative  of  the  divergence  in  space  activity  today.  Over  70  major 
international  firms  will  exhibit,  including  organizations  from  the 
U.S.S.R.,  Europe,  Asia,  Canada  and  the  U.S,  such  as  NASA,  ESA, 
Glavcosmos,  Licensintorg,  Boeing,  Rockwell  International,  Rocketdyne, 
McDonnell  Douglas,  General  Dynamics,  Lockheed,  IBM,  Unisys, 

Oracle,  Prospace,  Martin  Marietta,  and  other  groups  representing  the 
full  range  of  international  space  agencies,  contractors,  suppliers  and 
entrepreneurs. 

Go-Sponsored  by  Major  Organizations  Worldwide 

SPACE:  Technology,  Commerce  & Communications  is  co- 
sponsored by  The  Space  Foundation,  a nationwide  U.S.  organization 
promoting  space  business,  SPACE  magazine,  the  international  journal 
for  the  space  industry,  and  Washington  Technology,  the  leading 
bi-weekly  newspaper  for  business  technologies  from  the  U.S.  capital. 

Preregister  Today 

Preregistration  is  now  open  at  $495,00  (a  $50.00  savings  off  the 
on-site  rate)  for  the  full  three-day  conference,  including  all  luncheons, 
3rd  annual  Awards  Banquet,  reception  and  exhibits  pass. 
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In  this  issue  of  Final  Frontier  we  salute  the 
"Daring  Dozen,"  those  captains  of  the  starship  enterprise  who  are  taking  chances, 
staking  claims,  shaking,  moving  and  otherwise  working  to  make  commercial 
space  activity  a reality.  ■ They  include  an  astronaut,  a scientist,  a starry-eyed 
inventor,  an  insurance  underwriter  and  even  a Soviet  bureaucrat,  all  of  them 
struggling  against  long  odds  to  make  space  enterprise  a powerful  new  force  in  the 
world  economy.  Risk-taking  is  the  common  thread  in  their  stories,  and  not  just 
because  space  is  risky  business.  The  sheer  determination  of  the  Daring  Dozen  in 
the  face  of  reluctant  governments  and  financial  markets  makes  them  true  pioneers 
of  the  final  frontier.  ■ As  this  issue  was  going  to  press,  we  received  the  tragic 
news  that  one  of  the  twelve-George  Koopman  of  AMROC-was  killed  in  an  auto 
accident  July  19.  while  driving  to  yet  another  test  firing  of  his  rocket  in  the  California 
desert.  Our  profile  of  Koopman  remains  as  originally  written,  in  testimony  to  the 
entrepreneur  who  epitomized  the  spirit  of  the  Daring  Dozen.  May  the  rocket  man's 
dreams  survive  him. 


BY  MELINDA  GIPSON 


JOE  ALLEN 


The  Astronaut 


Until  Joe  Allen  got  into  the  space 
business,  he  never  Knew  what  it  felt 
like  to  fail.  A Fulbright  Scholar  with  mas- 
ters and  doctoral  degrees  from  Yale,  an 
astronaut  for  nearly  two  decades,  Allen 
had  reached  the  top  of  every  field  he 
ever  entered. 

He  flew  on  the  first  operational  shut- 
tle flight  In  1982,  and  is  probably  best 
remembered  for  the  1984  mission  that 
retrieved  two  orbiting  satellites  and 
returned  them  to  Earth— that's  Allen  in 
the  famous  Tor  Sale"  photo,  posing 


Allen;  “We  stand 
behind  what  we 
say  we  can  do*" 


with  one  of  the  recovered  satellites  in 
Discovery's  cargo  bay. 

But  what  was  to  be  an  even  more 
meaningful  encounter  took  place  in 
1967,  on  Allen’s  first  day  in  the  astronaut 
corps,  when  he  met  Max  Faget,  the 
legendary  designer  of  the  Mercury 
spacecraft. 

Allen  remembers,  "Max  said  in  1975 
the  shuttle  would  need  an  outpost  to  go 
to — some  kind  of  man-tended  plat- 
form that  could  grow  into  a perma- 
nently manned  station."  In  1982,  Faget 
founded  Space  Industries  Inc.  to 
design  and  build  such  an  orbiting  out- 
post, which  became  known  as  the 
Industrial  Space  Facility.  He  asked 
Alien  to  join  him.  In  1985,  when  the 
astronaut  quit  flying  for  NASA,  he 
agreed. 

Allen  took  the  job  as  Space  Indus- 
tries’ president  partly  because  of 
Faget's  genius,  and  partly,  he  says, 
because,  "If  we  didn't  find  some  way  to 
keep  the  costs  down,  the  space  indus- 
try was  going  to  price  itself  right  out  of 
the  market." 

But  four  years  after  Allen  came 
onboard,  a market  has  yet  to  develop 
for  Space  Industries'  mini-laboratory.  A 
plan  to  have  NASA  sign  on  as  a guaran- 
teed customer  ended  in  failure  last 
May.  When  such  a "Commercially 
Developed  Space  Facility,"  or  CDSF  is 
viable,  said  the  space  agency,  the 
decision  should  be  made  by  the  mar- 
ketplace, not  the  government.  Space 
Industries  had  gotten  no  help  from  two 
reports— by  the  National  Research 
Council  and  the  National  Academy  of 
Public  Administration  (NAPA) — con- 
cluding that  the  idea  of  a privately 
funded  microgravity  lab  was  ahead  of 
its  time. 

Allen  contends  that  NAPAs  $3  billion 
estimate  for  building  and  operating  a 
commercial  facility  is  too  high.  Not  only 
would  Space  Industries'  ISF  be  useful 
before  space  station  Freedom  is  avail- 
able, it  could  be  "designed,  devel- 
oped, manufactured,  tested  and 
operated  for  comfortably  under  a bil- 
lion dollars,"  Allen  says.  The  only  rea- 
son NAPA  didn't  come  to  that  same 
conclusion  is  that  it  was  working  with 
NASA's  specifications,  not  the  ISF 
design. 

But  Allen  and  Space  Industries  have 


26  FINAL  FRONTIER 


no  intention  of  disappearing  quietly. 
While  they  wait  for  ISF’s  number  to 
come  up.  they've  begun  exploring 
other  commercial  services.  With  the 
support  of  a $5.6  million  NASA  grant, 
the  University  of  Houston  has  con- 
tracted the  company  to  build  a "wake 
shield'1— a kind  of  umbrella  dragged 
behind  the  shuttle  that  provides  a 
super-clean  atmospheric  environment 
for  experimenters  working  with  thin 
films  used  in  opto-electronic  research, 

NASA  had  tried  to  design  a wake 
shield  with  McDonnell  Douglas  as  its 
feasibility  study  contractor,  but  found 
the  project  was  getting  too  expen- 
sive— nearly  six  times  Space  Indus- 
tries' current  estimate.  Allen  hopes  to 
make  the  product  available  commer- 
cially. 

The  shield  will  be  built  by  the  newly 
acquired  Precision  Aerospace  Manu- 
facturing Company,  which  is  run  by  an 
ex-senior  machinist  at  Johnson  Space 
Center,  That  isn't  Space  Industries’  only 
recent  acquisition.  On  its  way  toward 
becoming  a full-service  space  com- 
pany it  bought  Payload  Systems,  Inc., 
best  known  for  negotiating  a deal  to 
orbit  experiments  on  the  Soviet  Mir 
space  station  (see  page34).  Also  in  the 
works  is  a joint  venture  with  Los  Alamos 
National  Laboratories  on  ways  to  pro- 
cess electronic  materials  and  alloys  in 
microgravity. 

"We're  providing  end-to-end  ser- 
vices with  the  industrial  approach- 
meaning  that  we  build  what's  neces- 
sary, inexpensively,"  says  Joe  Allen. 
"We're  not  an  airbrush  company  We 
stand  behind  what  we  say  we  can  do.” 

RENE  ANSELMO 

The  Humorist 

There's  nothing  particularly  funny 
about  risking  $85  million  of  your 
own  money  in  a head-to-head  compe- 
tition with  a heretofore  unassailable 
international  cartel  But  Rene  Anselmo 
is  laughing  anyway 
The  chairman  of  Pan  American  Satel- 
lite is  a very  serious  businessman  with 
an  unflagging,  barbed  wit,  which  he 
uses  to  skewer  any  of  the  satellite 


Anselmo:  Serious 
businessman  with 
a barbed  wit 


industry's  high  and  mighty  who  have 
the  bad  taste  to  get  in  his  way  Last  year, 
Anselmo’s  company  launched  the  first 
satellite  in  a $200  million  system  that 
will  provide  communications  services 
to  the  United  States,  Latin  America  and 
the  Atlantic  Basin, 

It  had  been  the  almost  single- 
minded  crusade  of  Richard  Colino, 
former  director  general  of  the  Intelsat 
organization,  to  strangle  the  very 
notion  of  a competing  international 
satellite  system  in  its  cradle.  But 
Anselmo,  a Hispanic  broadcaster  with 
strong  ties  to  Latin  America,  knew  that 
all  was  not  roses  in  Intelsat's  garden.  In 
order  to  serve  the  entire  world  eco- 
nomically, Intelsat's  satellites  have  to 
cover  large  areas  with  wide  beams. 
This  means  that  ground  equipment  has 
to  be  large  and  expensive,  which 
poses  a problem  for  developing  coun- 
tries in  Latin  America. 

Although  there  seemed  to  be  a logi- 
cal opening  in  the  market  for  higher- 
powered  satellites,  Anselmo  knew 
better  than  most  satellite  executives 
that  the  business  he  chose  isn’t  always 
ruled  by  logic.  When  he  filed  with  the 
Federal  Communications  Commission 
in  May  1984  to  launch  his  international 
service,  there  wasn't  even  a U.S.  policy 
addressing  whether  it  was  possible. 
But  by  November  of  that  year,  President 
Reagan  ruled  that  it  was  in  the  interest 
of  the  United  States  to  foster  such  com- 
petitive international  systems. 

Though  Anselmo  won't  swear  that  it 
was  a factor  the  edict  came  after  a per- 
sonal appeal  to  Reagan  in  one  of  the 
many  notorious  letters  written  in  col- 
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laborationwith  his  fictional  dogP  "Spot.” 
Among  Anselmo's  (and  Spot's)  gripes 
to  Reagan  was  that  Independence  Day 
that  year  was  to  be  celebrated  on  a 
Wednesday,  which  mucked  up  every- 
one's weekend. 

Other  "Spot"  letters  distributed  to 
the  satellite  industry  during  that  period 
characterized  Intelsat  contractors 
Ford  Aerospace  and  Hughes  Aircraft 
as  "Henry"  (as  in  founder  Henry  Ford) 
and  "Howard"  (for  Howard  Hughes)— 
a couple  of  mobsters  intent  on  foiling 
Anselmo's  plans. 

If  some  people  found  Spot's  epistles 
amusing.  Intelsat's  Colino  wasn't 
among  them,  and  he  continued  to 
wage  war  tirelessly  against  PanAmSafs 
success.  He  might  have  succeeded, 
too.  if  he  hadn't  been  convicted  of 
embezzling  a few  million  from  his 
former  employer.  Colino  is  now  serving 
time  for  the  offense. 

Still,  the  regulatory  delays  nearly 
cost  Anselmo  dearly.  The  launch  of 
PanAmSat  1 on  the  first  flight  of  an 
Ariane  4 launch  vehicle  in  June  1988 
was  a photo  finish.  Because  it  was  a 
promotional  flight,  Anselmo  had  paid  a 
fraction  of  what  any  other  launch  vehi- 
cle would  have  cost.  But  Intelsat's 
deliberations  on  whether  to  coordinate 
the  company's  service  with  its  own 
dragged  on  long  enough  to  threaten 
the  launch  date.  Fortunately  the  Ariane 
vehicle  ran  behind  schedule,  and 
Anselmo  met  his  appointment. 

Even  the  suggestion  that  he  has  the 
stars  on  his  side,  though,  provokes  a 
gag  from  the  industry  humorist. 
Whenever  Anselmo  finds  himself  get- 
ting a big  head  about  his  success,  he 
says  Spot  brings  him  back  down  to 
Earth  by  leaving  a warm,  wet  spot  on 
his  leg 

JAMES  BEGGS 

The  Comeback  Kid 

Jim  Beggs,  former  NASA  chief  and 
card-carrying  member  of  the  "old 
boy"  network,  doesn't  look  or  sound 
like  a controversial  character,  much 
less  a wildcatter  in  the  space  business. 
But  wherever  he’s  gone  he's  made 


waves.  As  NASA  administrator  in  the 
early  1980s,  he  left  a legacy  of  success, 
and,  admittedly  failure.  No  shuttle  ever 
failed  on  his  watch,  though  it  did  fail  to 
achieve  the  airline-like  operations 
promised  by  his  predecessor— and 
later  successor— James  Fletcher. 

It  was  Beggs  who  first  claimed  he 
could  build  a space  station  "by  the 
yard"  for  the  absurdly  optimistic  price 
of  $8  billion  (NASA's  latest  estimate, 
which  many  think  is  still  too  low.  is  $16,7 
billion.) 

Perhaps  Beggs  could  have  done  it  if 
he  had  stayed  on  at  NASA.  But  in 
November  1985  he  was  indicted  by  the 
Justice  Department  for  alleged  fraud 
whiie  a vice-president  at  General 
Dynamics,  and  was  forced  to  resign.  A 
few  weeks  later,  he  watched  the  tragic- 
ally short  flight  of  Challenger  at 
home— or  would  have,  if  he  hadn't  ear- 
lier seen  icicles  on  the  launch  pad  and 
switched  the  television  off.  telling  his 
wife,  'They're  going  to  scrub  today, 
Mary  It's  far  too  cold," 

Beggs  fought  the  fraud  charges,  and 
the  Justice  Department  dropped  its 
case  after  18  months,  acknowledging 
that  it  couldn't  win  in  court.  Vindicated, 
Beggs  received  an  unprecedented,  if 
politically  motivated,  apology  from 
then  Attorney  General  Edwin  Meese, 

Now,  as  chairman  of  Spacehab — a 
company  struggling  to  sell  a "mid- 
| deck  extension  facility"  that  provides 
extra  work  space  for  shuttle  experi- 
menters— Beggs  has  made  a come- 
back at  an  age  when  most  people 
retire. 

Even  while  Space  Industries  was  try- 
ing to  secure  a long-term  government 
lease  of  its  Industrial  Space  Facility, 
Beggs  was  telling  legislators  that 
Spacehab  didn't  need  one— the  com- 
pany could  survive  with  only  the  sup- 
port of  industry  and  private  investors. 
At  first  that  meant  only  U S.  industry,  but 
Beggs  soon  had  the  sense  to  look 
abroad  for  the  nearly  $100  million  in 
funding  that  Spacehab  needs  to  fly. 
Under  his  leadership,  the  company 
engaged  Bear  Stearns  and  Citibank  as 
1 advisors  in  raising  capital,  and  Beggs 
took  the  Spacehab  concept  on  the 
road,  netting  strong  expressions  of 
interest  from  Japan,  Taiwan  and 
i Singapore. 


Beggs: 

Card-carrying 
member  of  the 
“old  boy"  network 
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Bond:  Fighting  the 
inertia  of  British 
officialdom 


ALAN  BOND 


Because  Spacehab  has  the  kind  of 
fly- now,  pay-Eater  deal  that  NASA  offers 
only  to  U S.  firms,  the  company  has  to 
limit  foreign  equity  investment  to  30 
percent.  But  an  even  greater  amount 
may  be  structured  as  debt,  putting  the 
project  in  the  vanguard  of  international 
space  ventures. 

Spacehab's  success  depends  on 
: whether  the  financial  markets  can  be 
1 convinced  to  invest  $100  million  in  a 
system  that  relies  on  a NASA  agree- 
ment— a legitimate  worry,  considering 
how  often  the  government  has 
changed  its  mind  in  the  past.  In  June, 
Chemical  Bank  agreed  to  underwrite  a 
substantial  portion  of  the  debt,  but  with 
two  large  strings  attached.  First, 
Spacehab  must  find  insurance  for  its 
module  by  the  fourth  quarter  of  this 
year,  and  second,  it  has  to  show  that  a 
market  exists  for  renting  out  50  experi- 
ment lockers  per  flight,  at  $145  mil  lion 
each. 

In  part;  the  company  is  counting  on 
Beggs5  connections  on  Capitol  Hill  and 
with  his  former  agency  to  help  guaran- 
tee the  kind  of  government  commit- 
ment that  would  satisfy  the  investors. 
But  Spacehab  also  wiil  rely  on  its  inter- 
national partners  to  drum  up  custom- 
ers willing  to  pay  for  additional  room  on 
the  shuttle.  The  company  already  has 
marketing  agreements  with  3M  in  the 
United  States,  with  Aeritalia  and  InfoS- 
pace in  Europe,  and  with  Mitsubishi  in 
Japan.  That  gives  three  continents  a 
stake  in  Spacehab's  success— and 
Jim  Beggs  yet  another  opportunity  to 
test  his  mettle. 


The  Inventor 


Ian  Bond  was  just  16  when  he  had 
his  first  run-in  with  the  inertia  of 
British  officialdom.  He  had  built  himself 
a rocket,  with  which  he  intended  to 
challenge  the  official  world  altitude 
record.  But  the  local  authorities  in 
Derbyshire  prohibited  him  from 
launching  it. 

Thirty  years  later,  Bond  built  an 
engine  for  Rolls-Royce  that  he  hoped 
would  carry  Britain  into  the  21st  century 
at  hypersonic  speed.  His  classified 
design  was  called  "Swallow"— so 
named  because  the  engine  was 
designed  to  swallow  air  and  convert  it 
to  fuel  that  could  take  a spaceplane 
most  of  the  way  to  orbit  (rockets  would 
do  the  rest).  The  spaceplane,  called 
HOTOL  for  Horizontal  Take  Off  and 
Landing,  promised  airline-like  opera- 
tions at  costs  one-fifth  those  of  existing 
means  of  space  transportation. 

In  1988,  Rolls-Royce  exercised  an 
option  to  buy  the  Swallow  patent  from 
Bond,  Then,  only  four  months  later,  the 
British  government  ignored  appeals  by 
a consortium  of  UK.  space  companies 
and  cut  off  further  funding  for  the  proj- 
ect. Kenneth  Clarke,  minister  for  space 
at  the  U.K.'s  Department  of  Trade  and 
Industry,  said  at  the  time  that  'the  scale 
of  funding  required  to  develop  HOTOL 
or  any  similar  concept  to  eventual  pro- 
continued  on  page  58 
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CHARLES  BUGG 

The  Scientist 


Thanks  to  Charlie  Bugg,  there's  now  a 
company  in  Huntsville,  Alabama, 
that  wants  to  find  a cure  for  AIDS  in 
space. 

Bugg  is  director  of  the  Center  for 
Macromolecular  Crystallography  at 
the  University  of  Alabama  at  Birming- 
ham. one  of  16  NASA-sponsored  Cen- 
ters for  the  Commercial  Development 
of  Space  located  around  the  country. 
Together  with  his  "industrial  affil- 
iates"— pharmaceutical  companies 
such  as  Eli  Lilly,  Upjohn,  Merck  and 
Schering-Plough— Bugg  has  pio- 
neered research  into  how  microgravity 
can  be  used  to  grow  protein  crystals 
that  will  help  unlock  the  secrets  of  the 
human  body  and  help  treat  disease. 

Crystals  don't  give  up  their  secrets 
easily.  To  understand  the  effects  of  cer- 
tain proteins  or  enzymes,  a scientist 
must  first  know  how  the  crystal's 
molecules  are  ordered.  The  larger  the 
crystal,  the  easier  it  is  to  determine  its 
structure  using  X-ray  diffraction  and 
computer  modeling  techniques.  And 
crystals  grow  to  extraordinary  sizes  in 
space. 

Bugg’s  center  sponsored  experi- 
ments on  two  shuttle  flights  in  the  last 
year  alone,  and  expects  to  fly  again  in 
November.  The  crystals  flown  to  date 
are  already  being  used  to  study  a wide 
range  of  diseases.  Large,  symmetrical, 
space-grown  crystals  of  elastase.  for 
example,  will  support  Merck's  research 
into  drugs  that  could  treat  diseases  like 
emphysema.  DuPont  grew  isocitrate 
crystals  in  space,  which  have  applica- 
tions in  developing  fungicides.  Upjohn 
grew  phospholipase,  useful  in  study- 
ing how  to  prevent  human  membrane 
tissue  from  deteriorating,  and  renin, 
which  could  help  treat  high  blood 
pressure. 

Burroughs  Welcome's  study  of 
reverse  transcriptase  crystals  could 
help  researchers  to  duplicate  and  bet- 
ter understand  the  AIDS  virus.  The  Bur- 
roughs tests  did  less  well  than 
anticipated  on  both  shuttle  flights, 
because  not  enough  time  was  avail- 
able for  proper  crystal  formation.  But 


Bugg:  Pioneering 
the  frontiers  of 
research 


most  of  the  experiments  have  been 
astonishingly  successful;  just  how  suc- 
cessful will  be  the  subject  of  soon-to- 
be-published  analyses  by  Bugg. 

According  to  John  Spitznagel,  pres- 
ident of  BioCryst,  it  was  Bugg  who  first 
appreciated  the  potential  commercial 
significance  of  a substance  called 
purine  nucleoside  phosphorylase,  or 
PNPIn  the  body  PNP  can  attack  anti- 
cancer agents,  making  them  less 
effective.  If  PNP  can  be  neutralized, 
cancer  drugs  might  be  made  more 
effective. 

Not  only  did  Bugg  appreciate  the 
importance  of  space-grown  PNP  he 
found  the  funding  to  establish  a new 
company  to  study  it.  With  the  help  of  Bill 
Spenser,  a Birmingham  businessman, 
Bugg  raised  $4  million  for  BioCryst’s 
initial  capitalization.  The  company 
already  has  established  a collabora- 
tion with  Ciba-Geigy,  a Swiss  phar- 
maceutical conglomerate  Together 
they  hope  to  develop  an  inhibitor  to 
PNP  that  could  aid  in  treating  cancer, 
AIDS,  rheumatoid  arthritis  and  other 
diseases  related  to  the  immune  system. 

As  a result  of  its  recent  shuttle  exper- 
iments, BioCryst  filed  for  patents  on  six 
compounds  and  is  preparing  to  file  for 
eight  to  ten  more.  There  are  a lot  of  "ifs" 
in  BioCryst’s  future,  but  it  intends  to  be 
much  more  than  "just  a little  research 
boutique,"  Spitznagel  says. 

"We  see  this  research  as  a signifi- 
cant opportunity.  If  any  of  our  com- 
pounds produce  successful  drugs,  we 
think  we  are  looking  at  a $50  million 
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company  in  the  next  five  years.1* 

Apart  from  Bugg  and  Spitznagel, 
probably  no  one  is  more  interested  in 
the  success  of  the  company  than 
James  Rose,  head  of  NASA’s  Office  of 
Commercial  Programs,  He  looks  to 
BioCryst  as  only  the  first  of  what  he 
expects  will  become  many  companies 
to  spin  off  from  the  agency's  Centers 
for  the  Commercial  Development  of 
Space. 

And  that,  Rose  promises,  will  make 
the  U.S.  pharmaceutical  industry  "the 
envy  of  the  world." 


FREDERIC  (TALLEST 

The  Patriarch 

MM  IJapa"  d'Allest  is  never  more  at 
Wr  home  than  when  he  is  carving 
the  roast  caiman— a small,  delectable 
South  American  crocodile— for  his 
assembled  guests  at  the  European 
Space  Agency's  launch  center  in 
Kourou,  French  Guiana. 

But  he  afso  sits  at  the  head  of  anot  her 
banquet  table — a multibillion-dollar 
market  for  the  world's  communications 
satellite  launch  services.  And  Ariane- 
space,  the  company  for  which  he 
serves  as  chairman  and  chief  execu- 
! tive  officer,  has  quite  capably  carved 
out  the  lions  share  of  that  marketplace 
for  itself. 

From  September  1987  to  June  1989, 
Arianespace  launched  22  satellites 
into  orbit,  including  13  in  1988  and  half 
a dozen  more  during  the  first  six 
months  of  this  year,  The  company  has  a 
long-standing  goal  of  launching  eight 
Ariane  boosters  a year,  many  of  which 
carry  more  than  one  payload.  That  rate 
must  be  sustained  to  work  off  Ariane- 
space's  substantial  order  book  in 
timely  fashion. 

As  of  June,  the  company  had  tick- 
eted 72  firm  launch  orders  worth  about 
$4  billion.  Remarkably,  11  deals  have 
been  signed  since  January  1988, 
including  probably  the  most  lucrative 
commercial  launch  contract  of  all  time: 
a $300  million  pact  to  orbit  three  Intel- 
sat 7 satellites,  with  an  option  for  four 
more.  Arianespace  earned  $19  million 
continued  on  page  58 


Dunayev: 
Audacious 
pitchman, 
abrasive  foe 


ALEXANDER  PUNAYEV 

Moscow's  Joe  Isuzu 


Dullest:  At  the 
head  of  the 
banquet  table 


If  the  Soviet  space  program  made  a 
kitchen  sink,  Alexander  Dunayev 
would  have  a deal  to  sell  it,  or  at  least 
lease  it,  to  you.  Cheap. 

As  head  of  the  Soviet  “commercial" 
space  agency  Glavkosmos,  the 
aggressive,  often  arrogant  Dunayev 
says  he's  willing  to  consider  any  legiti- 
mate offer  from  Western  customers  to 
buy  his  country's  launch  services  or 
rent  time  on  the  Mir  space  station.  He's 
even  made  an  audacious  offer  to 
launch  sections  of  NASAs  space  sta- 
tion Freedom  on  the  mammoth 
Energiya  launch  vehicle. 

NASA  declined,  but  the  offers  are 
getting  hard  for  some  concerns  in  the 
West  to  resist.  Dunayev's  pitch  goes 
beyond  the  Soviet  Union's  impressive 
array  of  hardware  to  specials  that 
would  make  Madison  Avenue  proud. 
For  $620,000.  you  can  get  a three- 
minute  commercial  filmed  by  cos- 
monauts, complete  with  your 
company's  logo  on  their  flight  suits, 
launch  site  billboards  and  two  six-by- 
nine-foot  signs  hung  on  the  Mir  station. 

To  the  astonishment  and  dismay  of 
Soviet  journalists,  Dunayev  has  even 
signed  up  the  Japanese  to  send  the 
first  reporter  aboard  Mir  before  the  end 
of  1991  Tokyo  Broadcasting  System  will 
fork  over  more  than  $10  million  for  the 
privilege— a fact  that  makes  it  easier 
for  Dunayev  to  tune  out  the  protests  of 
his  countrymen. 

But  tuning  out  journalists  is  some- 
thing Dunayev  has  had  some  practice 
with.  The  one  answer  he  consistently 
refuses  to  give  is  how  he  got  such  a 
continued  on  page  59 
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GEORGE  KOOPMAN 


Rocket  Man 


Koopman: 
Facing  down 
what  seem  like 
insurmountable 
odds 


George  Koopman  won’t  quit  and  he 
won’t  go  away,  even  in  the  face  of 
what  seem  like  insurmountable  odds. 

Koopman  has  risked  everything  to 
validate  a whole  new  solid-liquid  fuel 
rocket  technology  that  he  believes  will 
significantly  reduce  the  costs  of 
reaching  space.  And  as  president  of 
American  Rocket  Company  (AMROC), 
the  indefatigable  promoter  has  never 
ceased  to  push  NASA  and  other  gov- 
ernment agencies  to  make  it  easier  for 
small  launch  vehicle  companies  to 
compete  with  more  established  firms  in 
supplying  launch  services. 

Since  Final  Frontier  profiled  Koop- 
man and  AMROC  in  August  1988,  the 
private  launch  business  has  begun  to 
see  the  transformation  Koopman  fore- 
cast several  years  ago.  A competitor, 
Deke  Slayton,  was  the  first  commercial 
launch  contractor  to  conduct  a suc- 
cessful licensed  flight,  with  his  Starfire 
suborbital  booster.  Not  to  be  left  out, 
Koopman  was  preparing  to  fire  off  his 
first  for-hire  launch  as  this  issue  went 
to  press. 


That’s  not  the  only  change  in  the  past 
twelve  months.  When  AMROC’s  supply 
of  a critically  needed  fuel  for  its  "hy- 
brid" liquid-solid  rocket  motor  was 
contaminated  recently,  the  company 
found  help  from  an  unlikely  ally — 
NASA.  The  two  have  been  at  odds  on 
numerous  occasions  over  the  issue  of 
the  space  agency’s  desire  to  fund 
AMROC  competitors  for  hybrid  rocket 
study  contracts.  But  when  AMROC’s 
contaminated  hydrogen  peroxide  had 
to  be  dumped,  NASA  was  the  only 
domestic  source  to  which  the  rocket 
company  could  turn  for  help.  In  a mat- 
ter of  days  following  AMROC’s  appeal, 
the  agency  turned  over  part  of  its 
stockpile  of  the  chemical  held  in 
reserve  for  Scout  launches,  provided 
Koopman  replaces  it. 

AMROC’s  summer  launch  date 
remained  intact,  and  Koopman  was 
ecstatic.  “This  is  how  it  should  work 
between  NASA  and  the  commercial 
sector — they  helped  us,  and  we.  in 
turn,  helped  them.  It  was  a win-win 
situation." 

There  have  been  other  victories. 
NASA’s  Office  of  Commercial  Programs 
now  looks  to  fund  one  or  two  AMROC 
launches  a year  to  support  experi- 
ments sponsored  by  its  Centers  for  the 
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Commercial  Development  of  Space. 
After  several  lean  years,  it’s  now  a wide 
open  market  for  Koopman  and  his 
competitors. 

The  military  is  doing  its  share  to  help, 
as  well,  tn  part  due  to  the  efforts  of  the 
Defense  Advanced  Research  Projects 
Agency  (DARPA),  the  Pentagon's  think 
tank,  theideathat  small  satellites  could 
be  launched  more  cheaply  on  a light 
launch  vehicle  than  on  a large,  com- 
plicated one  is  in  favor.  In  January,  a 
Navy  contractor  gave  Koopman's 
AMROC  a contract  to  develop  a restart- 
able  kick  stage  motor  for  use  with  a 
Navy  satellite  project.  Using  the  hybrid 
fuei  technology  of  Koopman's  larger 
''Industrial  Launch  Vehicle,"  AMROC 
developed  the  stage  in  only  seven 
months. 

Money  troubles  had  earlier  caused 
AMROC  to  bow  out  of  a contract  to 
launch  two  SOI  payloads,  but  suc- 
cessful completion  of  the  crash  pro- 
gram will  go  a long  way  to  restore 
AMROC's  credibility  with  the  nation’s 
largest  launch  buyer.  None  of  it  came 
cheap,  To  arrive  at  this  point- 
planning  a suborbital  flight  and  lack- 
ing neither  for  cash  nor  customers  (so 
he  claims)  — Koopman  has  had  to  tap 
investors  he's  fond  of  calling  "venture- 
some capitalists.1'  Among  the  true 
believers  is  The  Doors'  former  lead 
guitarist,  Robbie  Krieger,  and  movie 
star  Dan  Aykroyd. 

And  why  not?  Should  the  partners  in 
Koopman's  venture  be  any  less  colorful 
than  the  rocket  man  himself? 


CHRISTOPHER  KUNSTADTER 

The  Odds  Make^ 

ccording  to  his  own  bar  charts,  1 
space  underwriter  Christopher 
Kunstadter  is  an  anomaly.  He  made 
money  in  space  insurance  last  year. 

Oh,  it  was  only  a few  million  dollars. 
But  the  insurance  industry  has  been 
reeling  from  a disastrous  series  of 
losses  that  made  1983  the  last  year  with 
a positive  balance  on  the  books. 

Other  people  in  the  space  insurance 
business  make  money.  Brokers  who 
bring  launch  vehicle  manufacturers 
and  satellite  owners  together  with 


underwriters  take  a commission, 
whether  the  launch  flops  or  not.  But  it's 
the  underwriters  who  make  the  launch 
industry  possible  in  many  ways— and 
they  literally  have  been  paying  the 
price. 

Without  insurance  to  share  the  risk, 
financial  institutions  wouldn't  be  willing 
to  lend  or  invest  money  in  space  sys- 
tems like  George  Koopman's  Industrial 
Launch  Vehicle  or  James  Beggs' 
Spacehab.  There  are  a few  others  who 
share  Kunstadter's  willingness  to 
underwrite  these  risky  ventures,  but 
the  senior  vice  president  for  United 
States  Aviation  Underwriters,  Inc,,  has 
something  unique  to  offer  the  industry: 
a database. 

Armed  with  his  Macintosh  and  fig- 
ures going  back  to  the  Early  Bird  com- 
munications satellite  in  1965, 
Kunstadter  can  deliver  such  fright- 
ening statistics  as  the  fact  that  space 
insurance  losses  in  the  fast  four  and  a 
half  years  totaled  $584  miilion.  It  could 
have  been  worse  If  the  industry  hadn’t 
wised  up  in  1985  and  stopped  writing 
policies  with  5 percent  and  8 percent 
premiums,  the  industry  might  have 
ceased  to  exist. 

Premium  rates  now  have  stabilized  at 
around  21  percent,  where  perhaps 
they  should  have  been  all  along,  ’’Stat-  , 
istics  could  have  told  us  that  earlier,  if 
we'd  been  willing  to  listen,"  Kunstadter 
says. 

But  even  Kunstadter  admits  his  suc- 
cess as  a profitable  underwriter  can  t 
be  chalked  up  to  statistics  alone.  He 
attributes  it  to  "a  combination  of  tech- 
nical underwriting,  basic  insurance 
principles  and  a modicum  of  luck," 

How  much  of  it  is  luck?  Kunstadter 
says  he  can’t  put  a number  on  his  good 
fortune;  it's  not  a crapshoot  There's  an 
element  of  real  risk  analysis,  but  even 
those  satellites  perceived  to  have  the 
least  risk  fail.  GTE's  G-Star  3 was  an 
example.  The  satellite  was  built  by  a 
reliable  manufacturer  and  launched 
successfully  on  an  Ariane  rocket ...  and 
it  went  awry  in  orbit. 

For  that  reason,  the  cash  supply  for 
insurance  will  always  be  limited. 
Because  the  nascent  launch  service 
industry  in  the  United  States  depends 
on  the  availability  of  insurance  to  cover 
its  flights,  it  counts  on  people  like  Kun- 
stadter to  make  the  right  decisions  with 
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their  available  pool  of  insurance 
money. 

During  1990.  more  than  20  commer- 
cial satellite  launches  are  scheduled, 
and  60  are  planned  in  the  next  three 
years.  That’s  more  opportunity  for  profit 
for  companies  like  USAIG  — but  it  car- 
ries the  ever-present  risk  of  loss,  as 
well. 

Kunstadter  says  philosophically.  “It’s 
an  ongoing  business.  Presumably,  if 
you  lose  it  one  year,  you  can  make  it  up 
the  next.  If  you  look  at  this  as  ayear-end 
business,  you  could  get  discouraged. 
There  will  always  be  losses;  that’s  the 
nature  of  the  business.” 

BYRON  LICHTENBERG 

The  Go-Between 

Byron  Lichtenberg  knows  how 
important  good  research  is  to 
exploiting  the  commercial  benefits  of 
space.  He’s  been  there. 

Now  chief  scientist  for  Payload  Sys- 
tems, Inc.  of  Cambridge.  Massachu- 
setts. Lichtenberg  is  a decorated  Air 
Force  fighter  pilot  and  an  aerospace 
engineer.  In  1983,  he  flew  as  a payload 
specialist  on  the  first  Spacelab  mis- 
sion, and  has  worked  since  then  to 
develop  experimental  equipment  for 
other  Spacelab  flights. 

Those  experiences  taught  Lichten- 
berg that  the  unique  qualities  of  mic- 
rogravity sometimes  require  different 
hardware  than  what  is  generally  avail- 
able to  researchers.  So  in  1984.  he  and 
another  MIT  graduate.  Anthony  Arrott, 
founded  Payload  Systems  to  provide 
equipment  and  services  for  scientists 
who  have  good  ideas  for  space  experi- 
ments but  no  idea  how  to  pull  them  off. 
Among  the  equipment  Payload  Sys- 
tems offers  is  a smart  sensor  that 
monitors  tiny  accelerations  on  the 
shuttle  that  might  affect  sensitive 
experiments. 

But,  says  Lichtenberg,  Mlt’s  tough  to 
be  a space  services  company  if  you 
can’t  get  to  space."  So  Payload  Sys- 
tems went  looking  for  microgravity 
flight  opportunities  to  market  to  the  sci- 
entific community.  Its  first  offering  was 
a series  of  flights  on  NASA’s  KC-135 


weightlessness  training  aircraft.  Cus- 
tomers from  all  over  the  world  now  take 
advantage  of  Payload  Systems’  three 
annual  mission  opportunities. 

The  search  for  more  time  in  zero-g 
led  Lichtenberg  to  sign  an  agreement 
to  fly  several  protein  crystal  experi- 
ments on  the  Soviet  Mir  space  station 
over  the  next  six  years,  which  was 
continued  on  page  59 

MARTIN  ROTHBLATT 

The  Lawyer 

To  Martin  Rothblatt,  it’s  not  a strange 
concept  at  all  that  the  pathway  to 
the  planets  might  begin  by  trucking 
grapefruit  to  Topeka. 

Rothblatt  heads  Geostar,  a company 
committed  to  launching  a satellite  sys- 
tem that,  along  with  relaying  mes- 
sages, will  provide  customers  with 
information  on  their  exact  position  any- 
where on  the  globe.  The  concept 
wasn’t  Rothblatt's.  That  honor  goes  to 
Gerard  K O'Neill,  president  of  the 
Space  Studies  Institute  and  popu- 
larizer/guru  of  orbiting  space  colonies. 

O’Neill  met  Rothblatt,  then  a young 
Washington,  DC.  lawyer,  in  January, 
1983,  and  retained  him  to  write  the  FCC 
application  for  what  became  known  as 
the  Radio  Determination  Satellite  Serv- 
ice. The  idea  was  revolutionary — all 
the  more  so  because  someone  had  to 
find  an  area  in  the  radio  spectrum  to 
accommodate  it,  and  the  band  had  to 
be  allocated  by  the  slow-moving  FCC 
bureaucracy. 

That  the  service  was  approved  in 
only  a year  is  close  to  a miracle.  That  a 
totally  new  satellite-based  communi- 
cations system  could  attract  $85  mil- 
lion from  800  private  investors  to  get 
the  service  off  the  ground  is  a tribute 
both  to  the  genius  of  its  innovation  and 
to  Rothblatt’s  tenacity 
When  O'Neill  discovered  he  had  a 
usually  terminal  form  of  leukemia,  the 
ailing  visionary  hand-picked  Rothblatt 
to  carry  on  as  president  and  CEO  of 
Geostar— a succession  wholeheart- 
edly endorsed  by  the  bankers  who  had 
to  pull  off  the  weighty  financing  for  the 
company’s  first  private  offering.  There 


Lichtenberg: 
Booking  flights  for 
his  colleagues  and 
himself 


Rothblatt: 
Keeping  the 
dream  on  track 
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were  rumors  from  G'N  sill's  devotees 
that  the  upstart  Rothblatt  had  wrestled 
the  company  from  his  mentor  in  some 
kind  of  palace  coup.  Both  Rothblatt 
and  O'Neill  deny  the  charge. 

It  hasn't  been  easy  for  Geostars 
young  president  to  keep  O'Neiirs 
dream  on  track.  One  of  the  company's 
transmission  packages  (carried  on  a 
"host"  satellite)  failed  after  launch,  and 
another  nearly  became  a casualty 
when  the  G-Star  3 satellite  had  to 
expend  extra  fuel  to  reach  its  final  orbit. 
But  when  the  company  completed  its 
eighth  round  of  private  financing  in  July 
1988  and  finalized  a $120  million  line  of 
credit  with  a French  bank,  Geostar  had 
the  funding  necessary  to  buy  and 
launch  three  dedicated  satellites  by 
1993. 

The  company  has  begun  negotia- 
tions with  GE  Astro-Space  to  deliver  its 
$160  million  worth  of  hardware  under  a 
long-term  lease  arrangement.  The 
company's  first  launch— on  the  shut- 
tle— could  take  place  in  1992.  That's 
right— Geostar's  three  birds  were 
among  the  handful  of  commercial 
satellites  NASA  agreed  to  maintain  on 
its  shuttle  manifest  after  the  Challenger 
explosion. 

By  the  first  year  after  the  entire  con- 
stellation of  satellites  is  up,  Rothblatt 
projects  revenues  topping  a half  billion 
dollars  a year  Even  by  last  summer, 
Geostar  was  raking  in  $1  million  a 
month  from  2,000  customers,  including 
the  U S.  Coast  Guard,  Burlington  Motor 
continued  on  page  60 


fop  Dog 

David  Thompson  is  everything  that 
the  aspiring  space  entrepreneur 
wants  to  become.  Not  yet  40,  he  now 
runs  Orbital  Sciences  Corporation,  a 
diversified  space  company  in  McLean, 
Virginia,  that  had  revenues  of  $60  mil- 
lion last  year  and  may  be  worth  two  to  1 
three  times  that. 

His  motivation?  “I  just  always  wanted 
my  own  little  space  program " 

At  the  age  of  three,  Thompson’s 
father  took  him  outside  one  evening  to 
watch  the  bright  pinpoint  of  light  that 
was  Sputnik  2 flash  across  the  sky  "I 
knew  stars  didn't  move,  and  that  this 
was  something  else,"  recalls  Thomp- 
son. "Something  special.'' 

His  growing  fascination  for  rockets 
and  space  led  him  first  to  Cal  Tech, 
where  he  graduated  with  honors  as  an 
aerospace  engineer  While  still  in 
school  he  worked  at  NASA's  Langley 
Research  Center  for  three  summers, 
and  later  at  the  Jet  Propulsion  Labora- 
tory, while  Viking  was  on  its  way  to  Mars. 

Working  at  Marshall  Space  Flight 
Center  on  propulsion  systems  after 
graduation,  he  developed  an  impa- 
tience with  the  space  bureaucracy 
"When  I started  at  Marshall  in  77,  the 
space  shuttle  was  'two  years  away' 
from  its  first  flight,"  Thompson  remem- 
continued  on  page  60 
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THE 

REMARKABLE 
FLYING  PANCAKE 


Even  a ham-handed  editor  can  master  NASA’s  versatile  Orbital  Maneuvering  Vehicle. 


I was  never  much  good  at  video 
games.  Somebody  else  always 
got  Ms.  Pac-Man's  cherries.  Vet 
here  I am,  gingerly  blipping  a joystick  in 
front  of  the  ultimate  Nintendo,  trying  to 
mate  a flying  pancake  with  an  iron 
butterfly 

"Remember  that’s  a multi-billion  dol- 
lar space  telescope  you're  docking 
with,"  says  TRW's  Keith  Cok  over  my 
shoulder  “If  you  wreck  it  they'll  take  all 
your  money  you'll  never  get  another  job 
and  you'll  be  the  disgrace  of  the 
country!" 

Cok  (pronounced  like  the  real 
thing — Coke)  merely  is  trying  to  instill 
in  me  what  he  playfully  calls  the  "fear 
factor,”  Even  though  this  is  only  a com- 
puter-generated simulation,  I’m  sup- 
posed to  believe  that  I'm  really  flying  a 
ten-ton  space  "switch  engine11  that 
NASA  prosaically  calls  the  Orbital 
Maneuvering  Vehicle,  OMV  for  short. 
The  space  shuttle  does  a credible 
job  of  placing  satellites  into  orbit,  but 
the  spaceliner's  ability  to  maneuver  is 
constrained  by  the  amount  of  fuel  and 
the  weight  of  the  payload  it  can  carry 
The  OMV  being  built  by  TRW  under  a 
NASA  contract,  will  take  over  where  the 
shuttle  leaves  off, 

Deployed  from  the  orbiter's  cargo 
bay  or  based  at  space  station  Free- 
dom, the  OMV  will  jockey  payloads  into 
and  out  of  higher  and  lower  orbits,  and 
will  be  able  to  return  satellites  to  the 
shuttle  or  Freedom  for  on-orbit  servic- 
ing, It  can  even  act  as  an  independent 
platform  for  short-term  experiments 
attached  to  its  broad,  circular  face. 

OMV's  distinctive  pancake  shape- 
15  feet  wide  but  only  5 feet  deep- 
results  from  the  requirement  that  it  fit 
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into  the  shuttle  orbiter's  cargo  bay 
while  leaving  room  for  other  payloads. 
TRW  adopted  a modular  approach  to 
the  space  tugs  design,  incorporating 
replaceable  electronic  units,  maneu- 
vering thrusters,  solar  cells  and  dock- 
ing gear  into  a short-range  vehicle 
surrounding  a plug-in  propulsion  mod- 
ule. The  propulsion  module  contains 
fuel  tanks  and  four  throttleable  rocket 
engines  for  tasks  that  require  greater 
range. 

In  past  American  space  dockings,  at 
least  one  of  the  vehicles  had 
astronauts  on  board  The  OMV,  how- 
ever, will  be  controlled  by  operators  at 
Johnson  Space  Center  in  Ftouston. 
Signals  sent  from  Mission  Control  will 
be  routed  through  NASA's  communica- 
tions station  at  White  Sands,  New  Mex- 
ico to  a Tracking  and  Data  Relay 


Satellite  (TDRS),  which  will  then  shoot 
the  command  to  the  orbiting  OMV,  But 
the  operator  won't  know  that  the  space 
tug  has  executed  the  order  until  the 
“feed back"  signal  travels  through  the 
network  in  reverse  The  resulting  three- 
second  time  delay  (most  of  which  is 
attributable  to  data  formatting)  proved 
to  be  one  of  the  greatest  challenges  in 
working  out  the  OMV  concept, 

“Most  people  are  used  to  controls 
where  the  feedback  is  in  hundreds  of 
milliseconds,"  says  Mack  Morrison, 
TRW's  project  manager  for  OMV  devel- 
opment, "Three  seconds  is  a time 
delay  which  takes  a little  practice; 
you've  got  to  anticipate  what’s  going  to 
happen  a little  bit,” 

The  need  for  precision  flying  skills 
ted  NASA  to  another  decision:  at  least 
on  the  OMV's  first  few  flights, 
astronauts  will  put  the  spacecraft 
through  its  paces.  "It  was  kind  of  natu-  ' 
ral/1  recalls  Morrison,  who  initially  was 
responsible  for  choosing  OMV  oper- 
ators to  train.  "Once  it  was  decided  that 
Johnson  was  to  be  the  operating  cen- 
ter, it  was  really  hard  to  argue  with  the 
experience  that  astronauts  bring  to  the 
table.” 

Indeed,  several  groups  of  astronauts 
have  helped  TRW  to  evaluate  and 
improve  the  OMV  control  console. 
Space  veterans  like  Steve  Nagel,  Dick 
Covey.  Guy  Gardner  and  the  late  Dave  i 
Griggs  have  flown  easy  to  difficult  test  ' 
missions,  then  offered  their  comments 
in  detailed  debriefings, 

"It's  interesting  to  watch  the 
astronauts  on  the  OMV'r  volunteers 
Keith  Cok,  who  has  worked  on  the  proj- 
ect for  almost  three  years  "Other  peo- 
ple start  whaling  away,  cruising  around 
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The  basic  OMV  design  (opposite  and 
above)  can  be  expanded  by  attaching 
special-purpose  equipment  kits  (right). 

doing  Buck  Rogers  stuff.  Astronauts 
don't  touch  anything  until  they  know  the 
exact  configuration  of  the  OMV — then 
they  fly!" 

Now,  Cm  not  exactly  known  for  my 
precision  piloting  skills.  As  a kid,  I 
broke  the  wings  off  my  balsa  gliders  in 
record  time,  and  things  haven’t 
changed  much  in  thirtysomething 
years.  My  daughter's  kites,  in  her 
father's  skilled  hands,  head  unerringly 
for  the  nearest  tree,  Even  so,  the  folks  at 
TRW  seemed  eager  to  let  me  take  their 
flying  pancake  for  a test  drive  on  one  of 
their  high-fidelity  flight  station 
simulators.  They  didn't  even  ask  me 
about  a collision  damage  waiver 

Cok  explains  that  111  be  flying  one  of 
the  OMV's  most  important  missions,  a 
"re-boost"  of  the  Hubble  Space  Tele- 
scope after  its  orbit  has  decayed  due 
to  atmospheric  drag.  As  I settle  down 
before  the  wrap-around  console,  Cok 
goes  over  the  functions  of  the  joysticks 
IVe  gripped  with  each  hand  The  right- 


hand  controller  governs  the  OMV’s 
position  in  three  axes  of  movement;  roll, 
pitch  and  yaw.  The  left-hand  or  "trans- 
lation" stick  is  what  111  use  to  move  up  or 
down,  left,  right,  forward  or  back. 

Cok  also  has  some  sage  piloting 
advice  for  the  neophyte  astronaut: 
"Most  people  initially  tend  to  fly  the 
OMV  like  they'd  drive  their  cars,  con- 
stantly making  changes  to  their  steer- 
ing, If  you  don't  wait  three  seconds  to 
see  what  effect  your  command  has, 


you’ll  get  pilot-induced  oscillations. 
You'll  just  go  back  and  forth,  and  totally 
botch  the  job," 

Thanks,  Keith.  I needed  that, 

My  approach  begins  about  15  feet 
away  from  the  space  telescope,  whose 
cartoon-like  image  fills  half  my  screen. 
To  move  in,  at  Cok's  suggestion  I input 
five  thruster  pulses  with  the  translation 
controller.  Three  seconds  later,  a tiny 
indicator  light  flashes  and  my  "X-Axis" 
(forward  and  backward)  display 
counter  clicks  off  five  times  to  tell  me 
the  OMV  has  done  my  bidding. 

And  nothing  happens.  Uh,  Keith, 
shouldn’t  we  be  moving  about  now? 

I've  learned  one  of  the  immutable 
laws  of  space  operations:  When  you 
give  a few  150-millisecond  pulses  of 
gas  to  a 20,000- pound  vehicle,  you  just 
don’t  go  zooming  through  the  wild 
black  yonder.  "I  have  more  excitement 
watching  my  grass  grow,"  Cok  jokes. 

There's  a good  reason  why  the  OMV 
is  such  a dog  in  the  acceleration 
department.  The  space  tug  must  dock 
with  Hubble  at  a very  low  relative  veloc- 
ity— Cok  says  operators  shoot  for  fwo- 
hundredths  of  a foot  per  second  — to 
avoid  creaming  the  telescope’s  deli- 
cate scientific  insides.  Even  OMV's  four 
main  engines  are  relatively  gentle, 
since  Hubbles  large  solar  arrays, 
which  will  remain  deployed  as  the  OMV 
pushes  it  around  the  sky,  can  t tolerate 
high  acceleration  rates. 

After  a minute  or  so,  the  docking 
target  on  the  space  telescope  finally 
nudges  ever-so-slightly  closer  in  my 
"near-field  overlay,11  a large  rectangle 
with  vertical  ticks  to  tell  me  when  the 
satellite  is  ten,  five  and  three  feet  away. 
At  this  distance,  flying  the  OMV  is  an 
eyeball  operation,  since  the  spacec- 
raft's radar  becomes  ineffective  within 
about  35  feet  of  the  target  Cok  remarks 
that  I seem  to  be  rolling  slowly,  and  sug- 
gests that  1 command  the  OMV  into 
"attitude  hold"  so  that  the  vehicle's 
thrusters  will  Jock  it  into  position  rela- 
tive to  Hubble. 

I've  also  managed  to  drift  somewhat 
below  the  target,  so  at  Cok's  urging  1 
input  five  pulses  upward  through  the 
translation  joystick.  As  the  docking  bar 
once  again  becomes  centered,  New- 
ton's Third  Law  comes  into  play:  to  stop 
my  "action"  upward,  I need  an  equal 
but  opposite  "reaction"  of  five  pulses 
down.  Blip-blip-bkip-blip-blip.  Three 
seconds  later,  five  grateful  acknow- 
ledging blinks  of  the  thruster  light. 

Look,  Ma,  I'm  an  OMV  pilot! 

Ah,  bull  haven’t  earned  my  wings  yef. 
Somehow  (dammit,  I didn't  do  any- 
thing) IVe  drifted  to  the  right,  and  Cok 
kindly  advises  one  tweak  to  the  left.  I'm 
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learning.  The  docking  overlay  slowly 
centers  up,  and  I blip  once  to  the  right 
to  stop  my  leftward  movement. 

As  the  OMV  zeroes  in  on  Hubble,  Cok 
highlights  some  of  the  other  displays 
that  I’ve  so  far  blissfully  ignored.  A 
clever  graphic  representation  of  orbital 
events  is  just  below  my  viewscreen.  A 
tiny  pink  square  (the  OMV)  crawls 
along  a timeline  that  glows  white  where 
the  spacecraft  is  in  daylight,  dark  blue 
for  the  nighttime  part  of  the  orbit. 

A blue  triangle  indicates  the  point  at 
which  "handover  between  the  TDRS- 
West  and  TDRS-East  tracking  satellites 
occurs.  It’s  a crucial  time;  for  about  a 
minute,  the  OMV  is  out  of  touch  with  the 
ground.  No  video,  no  commands,  zip. 
"You  don’t  want  to  be  involved  in  a crit- 
ical maneuver  just  then,"  Cok  notes 
dryly. 

I’m  within  three  feet  of  the  target,  and 
the  damned  thing  won’t  stay  still!  The 
OMV  is  gently  gliding  down  and  to  the 
left.  I blip  right  once,  and  at  Cok’s  prod- 
ding, twice  up.  There  we  go!  To  fine- 
tune  my  approach,  Cok  also  tells  me  to 
switch  to  short-pulse  mode  on  my 
thrusters.  Now  they'll  fire  for  only  50  mil- 
liseconds, giving  me  even  more  deli- 
cate control.  Easy... two  pulses  left... 
wait  the  three  seconds... one  right.... 

Suddenly  Cok  interrupts  my  concen- 
tration with  a warning:  “Looks  like 
you’ve  got  a pitch." 

I’d  assumed  that  I was  coming  in  to 
Hubble  straight  up,  since  I had  com- 
manded the  OMV  into  attitude  hold 
many  minutes  ago.  But  now  the  pan- 
cake is  leading  with  its  bottom  edge. 
Cok  assures  me  that  it's  not  anything 
I’ve  done— nor  has  the  OMV  changed 
position.  It’s  that  big  fat  target  out  there. 
The  space  telescope  is  so  massive  (44 
feet  long,  25,000  pounds)  that  Hubble 
itself  has  been  minutely  torqued 
around  by  Earth's  gravity  field  during 
the  relatively  short  time  involved  in  my 
approach.  (And  I have  new  respect  for 


Simulator  guru  Keith  Cok  pilots  the  OMV 
control  console.  Above,  the  OMV  zeroes 
in  on  Hubble. 

this  simulator.) 

Cok  suggests  we  try  what  he  char- 
acterizes as  a "fairly  complicated’’ 
docking.  We’ll  try  to  latch  on  to  the  two 
bottom  trunnions  on  the  satellite’s 
three-point  docking  gear,  close  the 
OMV's  grapples,  then  pitch  up  and 
grab  the  mechanism  at  the  top.  Con- 
tact! OK,  we’re  hooked  up  at  the  bot- 
tom. Let’s  get  that  third  latch. 

The  right-hand  joystick  comes  alive 
as  I switch  off  the  attitude  hold  function. 
I’m  cookin’  now.  One  blip  to  slant  down- 
ward... one  more...  chase  it...c’mon 
you  mother.. .indicator's  in  the 
green. ..close  grapple  ...DOCKED! 

Well,  almost.  Cok  reminds  me  that  at 
this  point  the  trunnions  are  still  just  rattl- 
ing around  in  the  latches.  I fire  off  the 
command  to  "rigidize.”  or  hard-dock. 
Three  seconds  later,  the  console  light 
tells  me  I’ve  pulled  off  a successful 
mission. 

If  this  were  the  real  OMV  and  the  real 
HST  (somebody  once  suggested 
NASA  should  put  out  a BOA— Book  Of 
Acronyms),  we’d  crank  up  the  thrusters 
and  spend  hours  pushing  Hubble  back 
where  it  belongs.  As  it  is,  another 
would-be  birdman  is  waiting  in  the 
wings  for  a training  lesson,  so  I merely 


unlatch  from  the  space  telescope,  and 
drift  away  with  a few  backward  pulses. 

NASA  already  has  booked  the 
Orbital  Maneuvering  Vehicle  for  a test 
and  demonstration  mission  aboard  the 
shuttle  in  October  1993.  Under  the  cur- 
rent flight  plan,  OMV  will  pull  the 
SPARTAN  astronomy  sub-satellite  out 
of  the  orbiter,  release  it  some  distance 
away,  then  use  the  mini-observatory  as 
a target  for  stationkeeping  and  dock- 
ing. As  a bonus,  the  OMV  will  have  a 
hitchhiker:  a deployable  antenna  asso- 
ciated with  Canada’s  Waves  in  Space 
Plasma  (WISP)  experiment  will  be  can- 
tilevered to  the  front  of  the  spacecraft. 

Even  as  TRW  prepares  to  cut  metal 
for  the  Orbital  Maneuvering  Vehicle 
next  summer,  NASA  and  commercial 
customers  are  thinking  of  new  ways  to 
use  the  all-purpose  spacecraft.  Pre- 
liminary studies  at  Marshall  Space 
Flight  Center  in  Huntsville,  Alabama 
suggest  that  the  OMV  could  stabilize 
space  station  Freedom  during  the  ear- 
liest stages  of  its  construction.  Users 
who  are  considering  putting  instru- 
ments on  the  station’s  co-orbiting  plat- 
forms take  OMV  for  granted  as  “part  of 
the  infrastructure.”  says  TRW’s  Morri- 
son. And  Global  Outposts,  Inc.,  a com- 
pany that  wants  to  convert  the  shuttle’s 
discarded  fuel  tanks  into  simple  sci- 
ence platforms  (Final  Frontier , Febru- 
ary 1989)  has  been  discussing  the  use 
of  OMV  as  a logistics  vehicle. 

I'm  not  thinking  quite  that  far  ahead 
as  the  OMV  and  Hubble  and  I part  com- 
pany, but  I wistfully  put  myself  at  John- 
son Space  Center  five  years  or  so  from 
now.  A pair  of  astronauts  is  flying  the 
pancake  from  two  side-by-side  con- 
soles. Suddenly,  one  of  them  coughs, 
turns  green  and  collapses,  a victim  of 
one  too  many  Diet  Cokes.  A frenzied 
call  goes  out  from  the  frantic  OMV  flight 
director:  Quick,  somebody  man  that 
station!!!  Video  game  freaks,  eat  your 
hearts  out.  □ 
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INTRODUCTORY  SPECIAL 

COMBINATION  PAK 

* 6 greeting  cards  with  envelopes 

* 1 2 assorted  B&W  postcards 

* Our  beautiful  16- page  catalog  A 


LIMITED 

TIME 

OFFER 


PO  BOX  37 197  TUCSON,  AZ  85740-7 1 97 


PI  YES,  rush  me  the  combination  pak.  Enclosed  is 
^ my  check  or  money  order  for  $5, 

(In  Canada,  $5.50  AH  other  foreign  $8.50  U S-  funds  only ) 

I 1 just  send  me  your  full  color  catalog.  Enclosed  Is  $i 
— ($2  outside  North  America  U S,  funds  only) 


ALL  $ 
FOR 

ONLY  * 


Includes 

shipping 


Over  55%  OFF  our  regular 
item  price.  Greeting  cards 
are  sized  5x7  or  4x8  inches. 
They  are  blank  inside  for  a 
personal  greeting.  Suitable 
for  framing,  also. 


CITY,  STATE.  ZIP 


Get  OFF  this  planet! 


ESCAPE  from  Earth-bound  art.  Your  home  and  office  decor  can 
soar  with  your  dreams!  Our  dazzling  line  of  space  art  is  both 
beautiful  and  believable,  a revolutionary  fusion  of  fine  art  and 
science.  These  are  landscapes  of  an  infinite  Frontier,  and  you  can 
take  the  journey  every  time  you  gaze  at  them. 


NOVAGRAPHICS  offers  over  50  space  art  collector's 
editions  and  posters,  in  addition  to  our  card  line.  Our 
exclusive  lineup  includes  Michael  Carroll,  Pamela  Lee, 
B,E,  Johnson,  Pat  Rawlings,  and  a dozen  other 
acclaimed  space  artists,  each  an  expert  in  their 
medium  and  subject  matter 


Dentils  Davidson 


Our  prints  are  also  available 
professionally  matted  or  framed.  Major 
credit  cards  are  accepted,  and  a toll-free 
orderline  is  available  for  convenient 
ordering  from  our  catalog.  Satisfaction  is 
guaranteed  or  your  money  back. 

Catalog  $1. 


'Attitude  Hold' 
by  Kim  Poor 


NAME 

ADDRESS 

ATT.  a 

FFO 


When  the  Soviets  needed  a 
television  for  the  Mir  space 
station,  they  did  the  same 
thing  that  many  an  American 
consumer  would  do— they 
bought  a Sony.  According  to 
French  "spationaute"  Jean-Loup 
Chretien,  who  visited  Mir  last  year, 
the  Russians  flew  the  television 
without  modifications,  even  leav- 
ing the  outer  cabinet  unchanged. 

Neither  the  Soviet  nor  the  Ameri- 
can space  program  has  yet 
reached  the  point  where  all 
spacecraft  electronics  can  be 


don’t  have  to  follow  the  same  rigor- 
ous documentation  and  testing 
protocols  imposed  on  space  hard- 
ware. In  fact,  items  under  $2,500 
can  simply  be  bought  on  NASA’s 
charge  account,  which  avoids 
time-consuming,  paperwork- 
intensive government  procure- 
ment procedures.  But  off-the-shelf 
goods  must  still  come  up  to  strict 
standards  and  pass  certain 
essential  tests  before  they  can  be 
flown  into  orbit, 

"First  we  have  to  look  at  the  job 
we  want  to  do  in  orbit,"  explains 
Ragan,  “Then  we  write  up  a list  of 
specifications  and  look  around  on 
the  market  to  see  what’s  available." 

Sometimes  there’s  a wide 
choice  of  products.  For  instance, 


Personal  hygiene  items  have 
proven  especially  troublesome  to 
modify  for  orbital  use.  Many  cos- 
metics contain  alcohol,  which  can 
be  a serious  problem  in  the  closed 
atmosphere  of  a spacecraft  or 
space  station.  “Alcohol  evapo- 
rates in  air,"  explains  Rafael  Gar- 
cia, a NASA  systems  integration 
engineer.  “On  the  space  station, 
we'll  be  extracting  water  from  the 
moisture  in  the  cabin  atmosphere. 
You  can’t  remove  the  alcohol  from 
the  cabin  air,  so  pretty  soon  the 
alcohol  levels  will  get  too  high,” 
Simple  grooming  practices  like 
taking  a shower  and  washing  one’s 
hair  are  essential  for  good  health 
on  long  space  flights,  but  they 
pose  terrible  practical  problems  in 


More  and  more,  space  station  engineers  are  shopping  for  the  blue-light  special. 


\ 


bought  at  Radio  Shack,  but  the 
trend  toward  using  off-the-shelf 
technology  for  spaceflight  opera- 
tions whenever  possible  is  very 
strong.  According  to  James 
Ragan,  a flight  equipment  mana- 
ger at  NASA's  Johnson  Space 
Center,  approximately  half  of  the 
items  that  have  no  influence  on 
mission  success  or  crew  safety 
("Criticality  3,"  in  shuttlespeak)  are 
bought  in  ordinary  stores  and 
repackaged  or  modified  for  use  in 
space.  That  includes  equipment 
such  as  extra  cameras,  vacuum 
cleaners  and  calculators,  and 
even  more  mundane  items  like 
food  snacks  and  t-shirts. 

Because  these  off-the-shelf 
products  have  been  developed 
for  the  American  consumer  and 
not  for  the  space  program,  they 


when  NASA  went  looking  for  a 
small,  powerful  battery-driven 
vacuum  cleaner,  the  agency  found 
three  or  four  different  brands  that 
might  work.  These  were  sent  to  a 
laboratory  in  White  Sands,  New 
Mexico  to  test  for  flammability  and 
"outgassing"— the  escape  of 
gases  from  materials  in  the 
vacuum  of  space. 

If  an  item  has  electronics,  it's 
often  subjected  to  electro- 
magnetic testing  to  see  if  it  needs 
to  be  shielded.  The  much- 
publicized  Sony  8-millimeter  cam- 
corder flown  aboard  Atlantis  last 
May  was  just  one  of  several  NASA 
is  testing.  “We  might  fly  a VHS  for- 
mat another  time  and  try  several 
different  brands,"  Ragan  says,  “to 
see  which  is  best  for  orbital 
conditions." 


a gravity-free  environment,  NASA 
tested  four  methods  to  wash  hair  in 
space:  a shower  cap,  a dry  wipe,  a 
wet  wipe  and  a polyester  wet- 
sponge.  Subjects  came  into  the 
Johnson  Space  Center  lab  every 
other  day  with  dirty  hair,  used  one 
of  the  products,  then  filled  out  a 
questionnaire. 

The  shower  cap,  which  fed  water 
in  and  out,  required  users  to  suc- 
tion the  soap  off.  It  turned  out  to  be 
"not  too  good,”  according  to  Phyl- 
lis Grounds,  the  subsystem  mana- 
ger for  space  station  hygiene.  The 
dry  wipe  was  derived  from  a failed 
Colgate  product,  a comb  devel- 
oped to  remove  grease  and  oil 
from  the  hair... which,  alas,  was 
marketed  during  the  "greasy  look" 
1950s.  The  NASA  guinea  pigs 
found  that  the  dry  wipe  did  a good 
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Freedom  has  been  quite  a bit  more 
complicated.  During  the  30-day 
ground  testing  period,  subjects 
either  hated  or  loved  the  shower 
initially.  "But  after  two  or  three 
days,  they  began  to  shut  off  their 
judgment  and  became  more  indif- 
ferent to  itr"  says  Garcia.  "By  seven 
to  ten  days,  they  had  adapted  to  its 
unfamiliarity"  NASA  tested  the 
shower  prototype  on  the  KC-135 
zero-g  aircraft  last  year.  It  hasn't  yet 
been  tested  in  space. 

Because  the  shower  is  part  of  a 
tightly  closed  system,  astronaut 
satisfaction  isn't  the  only  problem. 
NASA  may  use  an  Air  Force  appa- 
ratus to  separate  air  from  water  in 
the  shower  atmosphere,  and  then 
pump  them  back  into  separate 
recycling  systems.  Commercial 
defoamers  used  in  chemical 


job  of  removing  oil,  but  not  of 
cleaning  the  hair  A chemical- 
infused  sponge,  similar  to  those 
used  in  hospitals  and  prisons,  was 
beaten  out  by  the  wet  wipe,  which 
was  easy  to  use  and  which 
seemed  to  clean  the  hair 
satisfactorily 

After  toxicity  and  flammability 
tests,  simulations  onboard  zero-g 
training  aircraft  and  an  initial  trial 
on  last  December's  classified 
shuttle  flight,  the  wet  wipe  became 
a popular  item  in  crew  members' 
personal  hygiene  kits.  "Just  about 
everybody  uses  them  now,"  says 
Garcia.  They'd  better;  NASA 
bought  40,000  of  them. 

Developing  a shower  for  the 
NASA/international  space  station 
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plants  and  restaurants  may  be 
adapted  to  filter  the  shower’s  used 
water  before  further  processing. 

But  the  space  agency  very  likely  will 
have  to  develop  its  own  very  pure 
brand  of  soap,  limited  to  four  or  five 
prime  ingredients.  Although  it  prob- 
ably would  be  too  expensive  for  the 
current  cosmetics  market,  the  NASA 
soap  may  even  become  a spinoff 
someday,  iftheU.S.  cosmetics  industry 
becomes  more  ecology-minded. 

Even  now,  cleansers  and  household 
disinfectants  are  being  analyzed  for 
their  long-term  “environmental  impact" 
onboard  spacecraft  with  closed  sys- 
tems. The  household  products  market 
abounds  in  exciting,  clever  and  useful 
possibilities  for  space  station  interiors; 
for  example,  NASA  is  considering 
ceramics  impregnated  with  biocides 
(originally  developed  for  hospital  use) 
so  that  germs  die  on  contact  with  the 
surface. 

Sometimes,  the  agency’s  hardware 
problems  are  solved  unexpectedly  by 
a kind  of  reverse  spinoff  from  market- 
place to  space.  Consider  the  search 
for  the  perfect  shaver,  In  the  early  days, 
NASA  fooled  with  vacuum-cleaner 
shavers  for  male  astronauts,  so  their 
beard  stubble  didn't  get  foose  in  the 
spacecraft  cabin.  Wien  these  failed, 
astronauts  reverted  back  to  oid- 
fashioned  suds  and  razors,  but  com- 
plained thal  shaving  was  still  a mess 
and  that  towels  used  to  dry  off  became 
a smelly  storage  problem.  Some 
astronauts  gave  up  and  just  grew 
beards.  Fortunately,  the  microscreen 
shaver  put  an  end  to  the  problem.  Mi- 
croscreens catch  hair  stubble,  and  the 
shavers  are  light,  easy  to  use  and  easy 
to  clean. 

Off-the-shelf  technology  sometimes 
comes  from  the  Pentagon's  ware- 
houses, too.  Military  items  are  usually 
built  to  rugged  specifications  very 
similar  to  NASA’s,  and  have  similar  tox- 
icity and  flammability  standards  for 
their  materials.  A sturdy  teleprinter 
from  an  Army  command  jeep  was  mod- 
ified to  become  the  shuttle  teleprinter, 
and  the  ’’heads-up"  display  technol- 
ogy in  military  helicopters  and  planes 
wound  up  in  the  forward  win- 

dows. Similarly,  “h^ds-up"  helmets 
now  being  used  ihrsbrne  military  air- 
craft may  be  transferred  into  a NASA 
spacesuit  helmet  someday  so  that 
checklists  and  other  vital  information 
can  be  displayed  right  before  a 
spacewalker’s  eyes. 

Probably  no  industry  advances  have 
affected  the  space  program  more  than 
those  involving  food  technology.  New 
packaging,  convenience  foods  and 
fast-cooking  equipment  have  all  made 
mighty  contributions  to  NASA’s  efforts 


in  human  space  flight. 

"All  snacks  and  cereals  are  off  the 
shelf,"  says  Mike  Fohey,  a principal 
engineer  in  food  systems  at  Johnson, 
“Nuts,  M&M's,  Lorna  Doones,  Frosted 
Flakes  and  granola  are  all  bought  at  the 
local  Kroger  and  then  repackaged  in 
our  pouches.” 

The  pouches  are  made  of  a clear 
plastic  laminate,  but  they're  tougher 
and  sturdier  than  Ziploc  bags.  The 
food  is  vacuum-packed  in  nitrogen, 
which  provides  smaller  volume  storage 
and  preserves  freshness.  The  plastic 
packaging  is  impermeable  to  gas  and 
moisture  from  outside,  unlike  most 
commercial  bags. 

Lunch  and  dinner  entrees,  however, 
are  still  specially  prepared  for 
astronauts,  The  Department  of 
Defense  "meal  ready  to  eat"  rations 
have  been  added  to  the  freeze-dried 
shuttle  fare,  but  because  water  will  be 


The  wet  wipe  became  a 
popular  item  in  crew 
member's  personal  hygiene 
kits.  “Just  about 
everybody  uses  them  now,’’ 
says  Garcia.  They’d  better; 
NASA  bought  40,000  of  them. 
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in  much  shorter  supply  o'n  the  space 
station  than  on  the  shuttle,  NAfjA’s 
grocery  shoppers  will  have  b doaway 
with  freeze-dried  food  and  stock  up  on 
microwavable  frozen  entrees,  already 
so  popular  in  American  homes.  Micro- 
wave  meals  generally  are  quick,  tasty, 
easy  to  use,  offer  a huge  variety  of 
choices  and  can  be  completely  con- 
sumed a?,  one  sitting— perfect  for  a 
space  station  larder  with  eight  hungry, 
time-driven  astronauts  and  no  mom. 

“The  space  shuttle  is  a lot  like  camp," 
quips  Fohey.  "The  space  station  will  be 
more  like  home.1’ 

Unlike  the  food,  the  ovens  probably 
will  be  made  specially  to  NASA  specifi- 
cations. “The  shuttle  convection  oven 
was  not  off  the  shelf,"  Fohey  points  out. 
“It  required  a special  configuration  to  fit 
into  the  shuttle  mid-deck  galley,  and  all 
sorts  of  restraints,  like  special  racks 
inside  to  keep  the  food  from  floating 
around," 

The  U.S.  clothing  market  isn't  up  to 
NASA  standards  in  most  cases,  either 


Synthetic  fabrics  car)  oufcgas  like  crazy, 
and  most  aren’t  rugged  enough  for 
orbital  work.  Except  for  100  percent 
cotton  t-shirts,  bike  trousers  and  rugby 
shirts  purchased  from  ecology- 
minded  Landis  End  (and  some  female 
bras  and  panties,  which  NASA  would 
rather  writs  waivers  tor  than  to  make  the 
subject  of  intimate,  potentially  embar- 
rassing research),  almost  all  space 
clothing  is  expensive  and  specialized 
government-issue  stuff.  This  includes 
launch  and  landing  garments,  rugged 
flight  jackets  (which  cost  several  hun- 
dred dollars  each),  and  naturally,  the 
pressurized  space  suits. 

Jennifer  Noelke,  a NASA  piloted  sys- 
tems engineer,  said  the  space  agen- 
cy’s clothing  specifications  include 
“low  lint,  double  and  triple  stitching  on 
seams,  sturdier-than-usual  zippers, 
and  very,  very  tough  pockets."  Even 
the  NASA  pocket  designs  are  com- 
plicated: “One  pocket  is  designed  to 
carry  only  a Swiss  army  knife — very 
tightly.  Some  pockets  have  pockets 
within  pockets  so  items  can  be  sepa- 
rated, secured  and  retrieved,'1  explains 
Noelke. 

When  it  comes  to  clothing,  waist- 
bands and  fabrics  must  accommodate 
the  changes  in  body  measurements 
that  result  from  fluid  shifts  ih 
weightlessness.  "The  chest  materia! 
has  to  be  able  to  accommodate  a nine- 
inch  chest  expansion,"  says  Noelke, 
"and  there  are  big  back  pleats  in  the 
jackets  so  the  arms  can  reach  up  com- 
fortably while  the  body  is  anchored  to  a 
foot  restraint."  The  waistbands  are 
elastic  enough  to  handle  the  inevitable 
belly-expansion  that  takes  place  on  the 
return  to  Earth,  when  fluids  head  back 
down  into  the  lower  part  of  the  body. 

Noelke  hopes  that  in  the  future, 
NASA  astronauts  can  be  “on  the  fron- 
tier of  fashion  too — in  clothes  that  look 
good  and  feel  good,  and  aren’t  anti- 
quated." A less  unisex  emphasis  might 
also  be  in  order:  clothing  that  openly 
acknowledges  and  accepts  women's 
larger  hips,  smaller  waists,  bigger 
breasts  and  narrower  shoulders,  and 
doesn’t  just  try  to  stuff  the  female  form 
into  NASA's  male-proportioned  flight 
suits. 

A few  companies  assist  the  space 
agency  by  modifying  their  products  to 
ease  the  process  of  transferring  items 
into  orbit.  They  provide  schematics  of 
their  mechanical  and  electronic  prod- 
ucts, or  they  alter  their  manufacturing 
process  slightly  with  a product  headed 
for  space,  For  instance,  one  factory  left 
the  "baby"  fragrance  out  of  the 
astronauts’  facial  wet  wipes  at  NASA’s 
request. 

Some  of  these  companies  go  all  out, 
continued  on  page  61 
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On  Juty  20,1969, 

BUZZ  ALDRIN 

walked  on  the  moon. 
Here  he  relives  the 
dramatic  human  story 
of  Project  Apollo. 

MEN  FROM 
EARTHPf* 


-rtf 


BuzzAidrin 

andMateolm 

McConndl 


MEN  TO  EARTH 
Buzz  Min,  Apoilo  11  astrooout, 
tells  the  astonishing  story  of 
Amerind  rate  with  the  Soviets  to 
the  moon  and  vmJy  re-creates 
mtfs  greatest  adventure. 
Hardcover:  $19,95  #01 


JOURNEY 
INTO  SFftCE 

Try:  rev.  Thirty  \fenff  s 
tfSpa&ExptiranOT 

Qruoe  Murray 


& 


JOURNEY  INTO  SPACE:  THE  FIRST 
THIRTY  YEARS  OF  SPACE  EXPLORATION 
Bruce  Murray  tells  the  shattering 
story  of  America's  space  program  of 
promise  and  frustration,  grand 
success  and  tragic  failure. 

Hardcover:  $19.95,  #02 


LAUNCH 


1 bi-ntW  Svv## 

Sriialor  Jiikr  Gam 

^ Stop  hr  1 1 hiulCMH'n 


NIGHT  LAUNCH 

A red-hot  techno thriter  by  Jake 
Gom  the  first  LIS  Senator  to 
go  up  in  specs.  Combines  hard 
information  about  the  shuttle  with 
o suspenseful  plot  Asks  the  unthink- 
able: "Wraf  if  the  shuttle  were 
NjodrcdT  Rockets  to  a stunning 
concton-a  rescue  mission  in  space. 
Hardcover.  $18.95  #03 


THE  SOVIET 
MANNED  SPACE 
PROGRAM 


THE  SWIFT  MANNED  SAKE  PROGRAM 
From  tori  Gagarin  to  5r?j^/  /and 
^ this  oversized  reference  provides 
an  unparalleled  perspective. " „a 
valuable  addition  to  arty  space 
library''  (final  frontier  6/89)  Over  200 
photo.  Hardcover,  $2495  #04 


RAC!  INTO  SPACE:  THE  SOVIET  SPACE 
PROGRAMME.  Recounts  the  thrilling 
and  dramatic  events  of  the  Soviet 
programme,  horn  its  earliest  begin- 
nings to  Mir.  Hardcover:  $39.95  #05 


COUNTDOWN:  AN  AUTOBIOGRAPHY.  By 
former  astronaut  Frank  Borman.  “A 
compelling,  intensely  personal  recollec- 
tion of  Bormans  career.  Masterful,.," 
(Final  frontier  4/89).  Hardcover: 

$19,95  #07 

BONUS! 


Buy  two  books,.. 
Receive  a 
Frsher  Space  Pen 
FREE/ 


THE  PICTORIAL  HISTORY  OF  WORLD 
SPACECRAFT 

Over  200  color  and  b&w  photos! 

Fram  Sputnik  1 through  the  Shuttle, 
satellites  and  the  toyogers  of  the 
80s  Details  the  designs  and  missions 
of  each  spacecraft-  Hardcover. 

$1/95  #08 

MARS:  OUR  FUTURE  ON  THE  RED 
PLANO.  Robert  M.  Pbwers  takes  us 
along  on  the  first  trip  to  Mars  and 
outlines  how  wo  con  begin  coloniza- 
tion. Hardcover:  $1/95  #09 


SCHIRRA'S  SPACE  In  his  autobiography, 
Wally  who  participated  in  NASA&  first 
three  manned  spaceflight  programs, 
takes  us  info  the  inner  sanctum  of  the 
early  space  program.  Hardcover: 

$16,95  #10 

MARS  1999:  EXCLUSIVE  PREVIEW  OF 
U S SOVIET  MANNED  MISSIONS 
Through  fact  end  fiction,  former 
astronaut  Brian  Oleary  outlines 
his  vision  and  the  feasibility  of 
an  exciting  Approach  to  Mars 
Hardcovet  $1495  #11 

E1FT-0FT:  THE  STORY  OF  AMERICA'S 
ADVENTURE  IN  SPACE:  By  former  astro- 
naut Michael  Collins,  A spellbinding 
account  of  one  of  mankinds  most 
awesome  ad  ventures...  the  ITS. 
manned  space  program.  Hardcover. 
$2495  #12 

BEFORE  LIFT-OFF:  THE  MAKING  OF  A 
SPACE  SHUTTLE  CREW  An  unprece- 
dented look  at  how  shuttle  astronauts 
ora  trained.  Henry  S.F.  Cooper,  Jr.  fells 
the  story  of  The  41-G  crew.  Hardcover: 
$1850  #13 

THE  MONUMENTS  OF  MARS:  A CITY  ON 
THE  EDGE  OF  FOREVER.  Chronicles  the 
politically  explosive  discovery  of  a 
humonoid  face  on  Mars  ond  other 
amazing  artifacts.  By  Richard  Hoaglond. 
Paperback:  $1495  #14 


SAKE  TIML:  A HISTORY 
A chronological  volume  describing 
the  events  that  shaped  the  space 
age,  pocked  with  exciting  photo 
throughout.  Hardcover  #15 

SPACE  STATION  FRIENDSHIP:  A VISIT 
WITH  THE  CREW  IN  2(X)Z  Author  Did 
Lattimer  has  reserved  o berth  far  you 
on  the  space  station  in  the  year  200/ 
Hardcover:  14.95  #16 

THE  VIEW  FROM  SPACE:  AMERICAN 
ASTRONAUT  PHOTOGRAPHY  1962-1972. 
Dramatic  color  photographs  taken  in 
space  by  16  different  astronauts.  Hard- 
cover: $24.95  save  over  B%!  # 1 7 


Final  Frontier  Space  Books:  2400  Foshay  Tower,  Minneapolis,  MN  55402 

To  order  by  phone  call:  (612)  332-3001 


Store  Zip 

• Bonus!  Buy  two  books.  * . Get  a Fisher  Space  Pen  free!  • 

Indicate  by  order  # your  choices: 


SAKE  SHUTTLE: 

THE  QUEST  CONUNUS 
Author  George  Tares  assesses  the 
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The  Private  Vector 

Stretching  the  Shuttle 


While  a frustrated  NASA  counts 
its  change,  trying  to  gather 
enough  coins  to  build  a permanent 
mote!  in  Earth  orbit,  it  will  have  to  set- 


tle—at  least  in  the  early  1990s— for  a 
motor  home.  That  near-term  solution  is 
called  the  Extended  Duration  Orbiter,  a 


shuttle  that  can  stay  in  space  for  as 
long  as  a month  while  its  crew  works  in 
microgravity. 

Congress  has  discovered  that  you 
can  soup  up  a shuttle  for  a fraction 
of  the  cost  of  building  space  station 
Freedom.  So  NASA  is  equipping  two 
orbiters— reluctantly,  according  to 
some— to  fly  missions  ranging  from 
16  to  28  days.  Currently,  the  shuttle’s 
onboard  supply  of  fuel  and  other 
“consumables1’  limit  it  to  seven  to  ten 


The  new,  souped-up  orbiter  will 
be  racking  up  extra  hours  in  space 

by  1992. 

▼ ▼ ▼ 

By  Beth  Dickey 


days  in  orbit. 

“NASA  has  sort  of  been  dragged 
kicking  and  screaming  in  that  direc- 
tion." asserts  Rep.  William  Green. 
D-N.Y,  the  ranking  Republican  on  the 
appropriations  subcommittee  re- 
sponsible for  the  civil  space  budget  in 
the  House. 

Without  owning  up  to  tantrums, 
managers  of  NASA's  Extended  Dura- 


Coming  soon:  month-long  shuttle  flights. 


tion  Orbiter  (EDO)  project  admit  to  wor- 
rying that  a stretched  shuttle  could  be 
seen  as  an  alternative  to  the  space 
station. 

"The  official  position  is  that  we're  go- 
ing to  make  a 16-day  orbiter,”  says  Bill 
Ayotte,  who  oversees  the  shuttle  up- 
grade from  NASA  headquarters  in 
Washington.  “The  problem  is,  the  orbi- 
ter wasn't  designed  to  stay  in  orbit  a 
long  time.  Just  off  the  cuff,  I think 
maybe  it  is  seen  as  a cheap  replace- 
ment for  other  things  that  NASA  wants 
to  get  involved  in." 

There  are  other,  more  technical  is- 
sues that  also  will  need  to  be  resolved 
before  NASA  flies  28-day  missions. 
One  concern  is  the  ability  of  shuttle 
pilots  to  land  an  orbiter  safely  after 
spending  a month  in  weightlessness. 
Storage  space  may  also  be  a problem 
on  a vehicle  designed  for  week- long 
flights,  and  some  experimental  equip- 
ment-animal holding  facilities,  for  ex- 
ample—were  not  built  with  28-day 
missions  in  mind. 

Two  EDOs  will  cost  only  a little  more 
than  $200  million.  The  first  extended 
mission  on  NASA's  launch  schedule  is 
in  March  1992,  when  Columbia  is 
scheduled  for  a 13-day  flight  with  the 
U.S.  Microgravity  Laboratory— a 
facility  dedicated  to  materials  science 
expe  riments — onboard. 

In  order  to  extend  its  capabilities. 
Columbia  will  be  grounded  in  1991  fora 
seven- month  makeover.  NASA  is  pay- 
ing shuttle  manufacturer  Rockwell  In- 
ternational $126  million  to  install  EDO 
"kits”— a larger  latrine,  improved  air 
conditioning  and  several  extra  pairs  of 
storage  tanks  for  the  cryogenic  hydro- 
gen and  oxygen  that  produce  electric- 
ity and  water. 

Always  short  of  cash,  NASA  may 
"privatize"  the  same  modifications  on 
the  replacement  shuttle  Endeavour, 
which  is  now  under  construction. 
Rockwell  is  fitting  the  new  orbiter  with 
plumbing  and  wiring  that  will  make  it 
easy  to  install  EDO  kits  later.  But  in- 
stead of  buying  the  kits.  NASA  is 
negotiating  a deal  to  rent  them  from 
Rockwell. 

However,  the  plan  to  lease  the  equip- 
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ment  from  the  private  sector  has  a long 
way  to  go.  Ayotte  admits.  "Obviously, 
because  of  what  happened  on  51-L 
(Challenger),  the  agency  is  more  con- 
cerned about  flight  safety  issues."  he 
explains.  "To  go  out  and  have  [the  EDO 
kits]  produced  by  some  independent 
function  outside  of  NASA's  control 
raised  some  eyebrows." 

Equipping  the  shuttle  for  longer  trips 
in  space  isn't  a new  idea.  Years  before 
the  Challenger  explosion,  NASA 
thought  it  would  be  nice  to  have  an  or- 
biter  that  could  stay  in  space  for  longer 
than  a week,  in  order  to  give  scientists 
more  time  to  experiment  in  micrograv- 
ity. But  when  the  space  station  project 
was  born  in  1984,  the  agency  dropped 
plans  for  an  extended  duration  orb  iter. 

In  1985.  with  the  station  already  in 
funding  trouble,  NASA  was  ordered  by 
Congress  to  reconsider  the  idea  of  an 
EDO.  Shocked  by  the  shuttle  disaster 
and  a sudden  requirement  to  justify 
sending  humans  into  space,  the 
agency  reported  to  Congress  in  1987 
that  an  EDO  would  help  relieve  some  of 
the  pressure  NASA  was  under  to  orbit  a 
small,  privately  developed  laboratory 
known  as  the  Commercially  Developed 
Space  Facility,  or  CDSF 

Some  members  of  Congress,  like 
Green,  thought  a CDSF  was  a thrifty  al- 
ternative to  the  space  station  until  last 
April,  when  the  National  Research 
Council  released  a report  predicting 
that  even  with  NASA  as  a guaranteed 
customer,  a CDSF  would  not  be  able  to 
drum  up  enough  business.  The  council 
declared  that  all  of  the  experimenting 
and  manufacturing  planned  in  micro- 
gravity for  the  foreseeable  future — at 
least  until  the  late  1990s,  when  the 
space  station  is  scheduled  to  open  for 
business — could  be  done  onboard  an 
Extended  Duration  Orbiter. 

Whether  the  council’s  market  study  is 
on  target  remains  to  be  seen,  Ayotte 
challenges,  but  he  agrees  with  the 
advice. 

“In  the  big  picture.  EDO  does  seem 
to  be  a logical  way  to  get  some  early 
knowledge  about  the  stuff  you'd  even- 
tually want  to  run  on  the  space  station,” 
he  says.  □ 
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The' Road  Not  Yet  Taken 


nf  you  listen  to  a group  of  sgme  i 
20  astronomers  who 
themselves  the  "Pluto  Underground,*?; i 
they1! I say  the  time  has  finally  corrlM&it 
mount  an  expedition  to  the  farthest 
known  planet. 

Now  that  Neptune  has  been  reached 
by  Voyager  2,  only  ioy  Fiuto,  orbiting 
between  2.74  and  4\?  bMfbn  miles  from 
Earth,  remains  by  NASA's 

robotic  explorers.  And  these  young 
and  energetic  scientists  think  it  begs 
for  a mission. 

“It's  the  Everest  of  scientific  explora- 
tion of  the  planets/1  says  Alan  Stern  of 
the  University  of  Colorado's  LASP  (Lab- 
oratory for  Atmospheric  and  Space 
Physics).  ‘ It  is  the  rockiest  known  ob- 
ject in  the  outer  Solar  System.  It  is  the 
smallest  planet  It's  the  coldest.  And  it’s 
the  only  double  planet/'  he  adds.  The 
relative  size  of  Pluto's  satellite  Charon 
(nearly  half  as  large  as  the  planet),  says 
Stem,  makes  the  pair  a sort  of  plane- 
tary analogy  to  a binary  star. 

Even  though  Pluto  and  Charon  are 
now  at  their  closest  distance  to  Earth 
since  George  Washington  was  chop- 
ping cherry  trees,  they  still  appear  in 
telescopes  as  little  more  than  faint 
spots  of  light.  Made  from  the  same  ma- 
terial as  the  giant  outer  planets,  they 
are  thought  to  be  nearly  pristine  sam- 
ples of  the  stuff  from  which  the  far  Solar 
System  was  formed. 

During  this  relatively  close  approach 
to  the  Sun,  observers  have  the  rare  op- 
portunity to  watch  the  collapse  of 
Pluto's  atmosphere.  Planetary  scien- 
tists expect  that  the  tenuous  atmos- 
phere will  begin  to  fall  In  upon  itself, 
comet-like,  as  Pluto's  orbit  swings  away 
from  the  Sun  again. 

But  close  as  Pluto  currently  is  to 
Earth,  it's  not  close  enough  for  mem- 
bers of  the  Pluto  Underground.  Thesci- 
entifie  return  from  a mission  to  actually 
I visit  the  icy  world,  say  NASA  planetary 
\ science  advisers  Mike  Drake  and  Dave 
i Morrison,  would  be  great.  In  fact,  the 
j idea  has  come  under  serious  con- 
j sideration  for  a proposed  "new  start"  in 
i NASA's  1993  budget. 

: A Pluto  mission  could  make  use  of 

i the  Mariner  Mark  2 Voyager-type 


Therek  still  one  more  world 
to  conquer 

▼ ▼ ▼ 

Bjj  Ray  Spanyenharq  and 
Diane  Moser 


Artist's  view  of  Pluto  and  Charon,  the 
Solar  System's  only  double  planet. 


] spacecraft  in  order  to  keep  costs 
i under  $500  million  (the  1976  Viking 
j Mars  mission  would  cost  $4  billion  in 
\ today's  dollars), 

! ‘But  with  no  data  return  until  2014," 
i says  Drake,  “we  don't  think  we  could 
; get  it  through  Congress  right  now." 
j Could  engineers  keep  instruments 
| functioning  in  the  space  environment 
i over  a 25-year  span?  Could  we  keep 
; Congress  interested  that  long?  And 
j how  many  scientists  would  gamble 
j their  careers  on  a mission  they  might 
; never  see  arrive? 

These  worries  make  it  likely  that  other 


projects  such  as  the  Lunar  Observer  or 
a comet  sample  return  (perhaps  in  col- 
laboration with  the  European  Space 
Agency)  will  fit  in  sooner  to  NASA's 
agenda  for  exploration,  Near-Earth  as- 
teroids are  another  high-interest 
target,  adds  Morrison.  So  practicality 
may  bump  Pluto  down  the  queue  for 
now  — especially  since  future  ad- 
vances in  propulsion  technology  might 
still  get  a mission  out  to  Pluto  by  2014  or 
2020.  even  with  a later  start. 

Not  to  be  defeated,  though,  the 
members  of  the  Underground,  who  are 
mostly  in  their  early  to  mid-thirties, 
maintain  they  are  ready  for  a long  fight. 
And  they  continue  to  explore  alterna- 
tive means  of  reaching  their  destina- 
tion. 

It  would  be  possible,  for  example,  to 
piggybacks  small,  inexpensive  space- 
craft on  another  vehicle.  A mission 
called  Solar  Probe,  says  Stern, 
planned  to  head  deep  into  the  Sun, 
would  first  have  to  slingshot  around 
Jupiter,  and  a Pluto  mission  could  ride 
along  to  slingshot  outward  in  the  other 
direction.  Another  possible  carrier 
would  be  a probe  headed  into  the  at- 
mosphere of  Jupiter  itself.  Even  a dedi- 
cated Pluto  mission  could  be  launched 
as  late  as  2001  (instead  of  in  1997;  as 
the  proposed  1993  start  calls  for)  and 
sent  past  Jupiter  for  a gravity  assist  on 
its  way  to  the  edge  of  the  Solar  System. 

The  job  could  be  done,  says  Stem, 
for  as  littfe  as  $55  million,  with  a bare- 
bones  spacecraft  and  little  redun- 
dancy. Such  a mission  might  only  have 
an  80%  chance  of  making  it,  but  the 
cost  could  be  kept  relatively  low,  and 
we  could  still  get  there  in  time  to  ob- 
serve the  rare  process  of  atmospheric 
collapse.  Of  course,  more  could  be 
done  with  a $500  miflion  mission,  and, 
Stern  points  out,  there  are  many  oppor- 
tunities for  international  collaboration 
and  shared  costs. 

The  thing  to  remember,  says  Stern  — 
who  has  just  been  granted  viewing  time 
using  the  Hubble  Space  Telescope  to 
map  the  surface  of  Pluto  — is  that  first- 
time  looks  at  the  planets  have  always 
been  more  exciting  than  we  expected. 
And  Pluto  is  sure  to  be  no  exception.^] 
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When  you  look  at  6,000  years  of  history  in 
chronological  order— on  a chart  almost  three 
feet  high  and  eight  feet  long—  important  dates 
and  events  just  seem  to  fall  into  place! 
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theology  and  mythology  than  with  The  World 
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Empire?  When  the  Normans  migrated  to 


Northern  France,  where  did  they  come  from? 
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Leader  el  the  Pack 


Celebrity  doesn’t  seem  to  sit 
well  on  Igor  Volk’s  stocky 
shoulders.  Even  as  he  gives  a courte- 
ous, carefully  considered  answer  to  my 
question,  he  seems  uncomfortable 
with  the  whole  idea  of  being  inter- 
viewed. I can  almost  hear  the  wheels 
turning  in  his  head:  Stay  up  in  Mir  for  a 
year  and  they  give  you  flowers,  kisses, 
Orders  of  the  Red  Whatever.  Help 
develop  the  new  space  shuttle  Buran, 
and  you  get  saddled  with  amerikanskii 
zhumalist. 

Thanks,  comrades,  I’d  rather  be 


i flying. 

By  now,  Volk  should  be  used  to  repor-  i 
j ters.  He  was  a cosmonaut-researcher  j 
; on  the  Soyuz  T-12  mission  in  1984,  dur-  i 
j ing  which  he  spent  11  days  performing  j 
| experiments  onboard  the  Salyut  7 ; 
: space  station.  The  red-headed  gradu-  j 
I ate  of  the  Moscow  Aviation  Institute  : 
! also  has  flown  two  dozen  approach  j 
\ and  landing  tests  of  the  Soviets’  jet-  j 
; powered  shuttle  trainer,  making  him  j 
: titular  head  of  the  “Wolf  Pack,’’  the  i 
• cadre  of  pitots  now  training  to  fly  Buran  j 
\ and  its  sister  ships  into  orbit.  (Volk  is  j 
j Russian  for  "wolf/) 

Volk  eventually  may  rank  up  there  j 
: with  cosmic  heroes  like  Gagarin  and  ; 
i Leonov.  Hes  been  tapped  to  command  j 
i Buran’s  first  piloted  voyage,  scheduled  j 
j for  1992—  //the  program  stays  on  track/ j 
j But  Soviet  space  efforts  particularly  j 
i the  costly,  high-profile  shuttle  project,  i 
j have  suffered  an  unprecedented  j 
j bashing  in  recent  months  from  the  j 
j Soviet  media.  The  program’s  detrac-  j 
j tors  sing  a tune  that  sounds  all  too  i 
j familiar  to  Americans:  What  good  are  • 
i space  spectaculars  when  the  Mother-  j 
i land  still  has  so  many  Earthly  j 
j problems? 

“Look,  if  someone  wants  to  criticize  j 
j something,  they  should  criticize  the  j 
j people  who  are  doing  the  program,  not  j 
j the  program  itself,"  Volk — no  longer  j 
j aloof— says  heatedly  through  his  i 
i interpreter.  “Besides,  you  can’t  stop  j 
i progress:  the  program  is  going  to  con-  j 
j tinue  in  any  case.  And  if  the  public  is  j 
j told  what  our  goals  are,  and  can  see  ; 
j that  they  are  being  implemented — : 
i then  the  criticism  will  stop." 


Igo  r Volk,  chief  test  pilot  for 
the  Soviet  shuttle 

TTY 

By  Les  Do  n;  Jr. 

Yet  Volk  is  rather  cagey  when  it 
comes  to  explaining  exactly  why  the 
Soviets  need  a high-priced,  reuseable 
shuttle.  He  maintains  that  the  Soviet 
Union  will  continue  using  “ordinary 
rockets"  to  put  satellites  into  orbit. 
"Presumably,"  he  says  (shouldn't  the 
shuttle’s  chief  test  pilot  know  for  sure?), 
Buran’s  main  purpose  is  to  return 
unspecified  objects  from  space,  since 
“there’s  no  other  way  to  do  it." 

Concerning  plans  for  the  Soviet 
shuttle’s  first  few  piloted  flights,  Volk 
becomes  more  expansive.  The  mission 
he'll  command  in  1892  simply  will  test 
whether  the  arbiter  is  spaceworth^  with 
people  onboard  ("That's  how  the  Amer- 
icans saw  it,  too/'  he  adds)  and  will 
involve  only  himseff  and  a copilot,  as 
yet  unnamed.  Later  voyages,  says  Volk, 
will  have  three,  then  five  and  eventually 
seven  crew  members. 


Volk  is  really  in  his  element  when  he 
tackles  the  nuts-and-bclts  aspects  of 
the  Soviet  spaceliner.  Perhaps  it’s  his 


Volk  in  Soyuz  cosmonaut  regalia.  His 
next  ticket  to  orbit  is  a first-class  seat  on 
Buran,  circa  1992. 


background:  he’s  been  a test  pilot  for 
nearly  a quarter-century,  and  has  flown 
just  about  everything  the  Soviet  Union 
has  to  offer  while  amassing  more  than 
4,700  hours  in  the  air.  He’s  aiso  one  of 
only  two  people  (Anatoli  Levchenko, 
who  died  from  a brain  tumor  last  year, 
was  the  other)  known  to  have  partici- 
pated simultaneously  in  both  the 
shuttle  and  Soyuz  programs. 

"Makes  my  life  a little  complicated, 
but  I still  enjoy  it,"  Volk  grins. 

His  description  of  Buran’s  crew  cabin 
sounds  remarkably  like  the  accommo- 
dations on  NASA’s  shuttle  orbiters.  The 
vehicle  is  divided  into  a flight  deck/ 
cockpit  and  a lower  area  where 
cosmonauts  will  sleep  and  set  up 
experiments.  One  notable  difference  is 
that  Buran’s  airlock  for  spacewalking 
cosmonauts  will  be  in  the  orbiter’s 
cargo  bay,  a change  Volk  credits  to  his 
American  counterparts: 

“In  [your]  shuttle,  the  airlock  intrudes 
into  the  living  area  and  takes  up  a lot  of 
useful  space,”  he  says.  "The  astronauts 
suggested  strongly  we  should  avoid 
that." 

The  traditional  Soviet  approach  in 
returning  piloted  spacecraft  to  Earth 
relies  almost  exclusively  on  automatic 
systems,  with  cosmonauts  acting  only 
as  emergency  back-ups.  Volk  insists 
that  he  has  "no  objection  to  an  auto- 
matic landing,"  but  wants  the  ability  to 
take  over  during  the  final  approach  to 
the  runway.  “In  Buran,  I have  the  con- 
trols—but  I don’t  yet  have  the  neces- 
sary displays,"  he  laments,  passing  off 
the  problem  as  “the  sort  of  doctrinal 
quarrels  that  cosmonaut-pilots  have 
with  the  engineers." 

Volk  doesn’t  expect  to  make  another 
Soyuz  flight,  so  his  next  trip  into  space 
won’t  come  until  Buran  thunders  aloft 
from  the  Baikonur  Cosmodrome  three 
years  from  now.  As  the  seconds  tick 
down  to  ignition  of  Buran’s  mammoth 
Energiya  booster,  will  the  pilot  who 
knows  the  shuttle  better  than  anyone 
have  second  thoughts  about  pulling  off 
a successful  flight? 

"Don’t  worry,"  Volk  chuckles,  “if  I have 
any  doubts — I’m  not  going  to  be 
there!"  * □ 
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■ : „* i Space  Shuttle  Launch  Schedule 

' (October  1989  through  December  1991) 


Flight 

Orbiter 

Crew 

(Names  if  Assigned) 

•*  • v . • 

* •*  . 

Launch 
Date  * 

Mission/ 

Duration.. 

Orbital 

Altitude 

: • 

Primary  Cargo 

34 

Atlantis 

CDR:  Donald  Williams 
PIT:  Michael  McCulley 
MS:  Shannon  Lucid 
Ellen  Baker 
Franklin  Chang-Diaz 

10-12-89 

5 days 

160  mi. 

Galileo  probe  to  Jupiter 

33 

Discovery 

X- 

CDR:  Frederick  Gregory 
PLT:  John  Blaha 
MS:  Story  Musgrave 
Kathryn  Thornton 
Manley  Carter 

11-19-89 

Classified  military  flight 

32 

Columbia 

CDR:  Dan  Brandenstein 
PLT:  James  Wetherbee 
MS:  Bonnie  Dunbar 
David  Low 
Marsha  Ivins 

12-18-89 

10  days 

190  mi. 

SYNCOM  5 
Retrieval  ot  Long 
Duration  Exposure 
Facility  (LDEF) 

36 

Atlantis 

-A- 

CDR:  John  Creighton 
PLT:  John  Casper 
MS:  Dave  Hilmers 
Mike  Mullane 
Pierre  Thuot 

2-1-90 

Classified  military  flight 

31 

Discovery 

CDR:  Loren  Shriver 
PLT:  Charles  Bolden 
MS:  Steve  Hawley 
Kathryn  Sullivan 
Bruce  McCandless 

3-26-90 

5 days 

310-330  Hubble  Space  Telescope 
mi. 

35 

Columbia 

CDR:  Vance  Brand 
PLT:  Guy  Gardner 
MS:  John  Lounge 
Jeff  Hoffman 
Robert  Parker 

PS:  Ronald  Parise 
Samuel  Durrance 

4-26-90 

9-10 

days 

190  mi. 

ASTRO-1  ultraviolet 
telescopes 
Broad  Band  X-Ray 
Telescope 

37 

Atlantis 

CDR:  Steve  Nagel 
PLT:  Kenneth  Cameron 
MS:  Jerry  Ross 
Jerome  Apt 
Linda  Godwin 

..,4  * 

iM 

I y i 

6-4-90 

5 days 

243  mi. 

Gamma  Ray  Observatory 

38 

Discovery 

-A- 

CDR:  Richard  Covey 
PLT:  Frank  Culbertson 
MS:  Robert  Springer 
Carl  Meade 
Charles  Gemar 

>•*  4 

— j pmi 

’ 

7-9-90 

Classified  military  flight 

Columbia  COR:  Bryan  O’Connor 
PLT:  Sidney  Gutierrez 
MS:  Rhea  Seddon 
James  Bagian 
Mae  Jemigan 


PS:  FD.  Gaffney 
Robert  Phillips 


8-16-90  8-9  days  160  mi.  Space  Life  Sciences 

Laboratory 


10-5-90  5 days  160  mi.  Ulysses  solar  probe 


39  Discovery  MS:  Guy  Bluford 
Richard  Hieb 
Charles  Veach 
CDR,  PLT  and  two  MS 
to  be  assigned  later 


11-1-90  8 days  140  mi.  Infrared  Background 

Signature  Survey 
CIRRIS  SDI  experiment 


42  Columbia  MS:  Mary  Cleave 
Norm  Thagard 
CDR,  PLT  one  MS.  two  PS 
to  be  assigned  later 


160  mi.  International 

Microgravity  Laboratory 


1-31-91  5 days  160  mi.  Tracking  and  Data  Relay 

Satellite 


Classified  military  flight 


44  Discovery 


3-28-91  9-10  160  mi.  Atmospheric  Laboratory 

days  for  Applications 

and  Science 


11-27-91  5 days  291  mi.  Upper  Atmosphere 

Research 

Satellite 


Crew 

flight  Ortiiter  ...  (Names  if  Assigned) 


Launch  Mission  - Orbital 

Date  Duration  Altitude  Primary  Cargo 


CDR:  Commander:  PLT:  Pilot;  MS:  Mission  Specialist  PS:  Payload  Specialist  Note:  NASA  retains  the  original  mission  number  even  when 

flights  are  launched  out  of  sequence.  All  dates  are  subject  to  change. „ 

* * . * 1 " ■* 


5-16-91 

7 days 

160  mi. 

Tethered  Satellite  System 
EURECA  retrievable 
carrier 

6-17-91 

7 days 

160  mi, 

NASA/Japan  Spacelab 
flight 

8-22-91 

7 days 

175  mi. 

Starlab  DoD  Spacelab 

9-30-91 

7 days 

160  mi. 

Laser  Geodynamics 
Satellite  Geostar-1 

47 

Discovery 

7 

P 

f * 

|>  ■ 

i 

48 

Atlantis 

7 

::  t 

1 

* 

1 * 

49 

Discovery 

6 

* 

it 
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Rare  Space  Materials 


'jpBRKOSliios 


MHTEPKOCMOC 


USSR  SPACE  PATCH 
COLLECTORS  SET 

High  quality,  genuine  Soviet 
designs.  Set  of  5 patches  includes: 
USSR  Space  Insignio,  Coat  of 
Aims,  Soyuz  Dew,  fntercosmos, 
Intercosmos  (cyrillic  variation). 
#PH1  $34.95  (s/h  $100)  < 


► DESKTOP  DISPLAY 
SCALE  MODELS 

limited  edrtion-highest  quality 
Completely  assembled  and  Med 
with  authentic  morkings. 

Includes  varnished  wooden  base. 
Small  Shuttle,  tank/boosters 
(shown).  1/200,  H"x  4 1/2" 

#M1  $49.95 

Large  Shuttle,  tank/boosters. 
1/WO,  25"  x 9",  #M2  $189.95 
Medium  Orbiter,  1/144,  A 

10"x6l/4",  #M3$4250  — 

Large  Orbiter,  1/100, 14 1/2" 
x 9 1/4",  #M4  $89.95 
Orbiter  w/open  cargo 
doers,  1/100,  BV2"x  9 1/4", 
#M5  $149.95 
(s/h  4jOO  each) 


S T A 


► SPACE  PIN- 
COLLECTORS  SETS 

Jewelry-quality,  official 
aew-insignio  designs 
Complete,  special  edition  sets. 
Genuine  cloisonne. 

Mercury  Program  Series 
(7  pins)  #C1  $34.95 

Apollo  Program  Series 


07  pins).  #C2  $85 

shuttle  Program 


shuttle  Program  Series 

(thru  STS-30).#C3  $144 

Intercosmos  Series- 
Soviet  Block  (18  pins! 
#C4  $125 

Official  Pin  Collectors 
Album.  #C5  $3495 

(s/h  2.00  eodi) 


P FISHER  SPACE  PENS 

The  actual  pen  of  the 
astronauts.  Writes  upside 
dawn,  under-water,  in 
freezing  3 boiling 
temperatures. 

Astronaut  Pen: 
(displayed  in  gold-available 
in  chrome  only)  #P1  $12.95 
Bullet  Pen  w/Shuttle: 


#P2  $1495  (s/h  1.00) 
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Order  now! 


To  order  by  phone:  612-332-3001 

For  speedy  delivery 

Marne 

Address 

City. 


► COLOR  SLIDE  SETS 

Specially  compiled  by  Final 
Frontieri  pholo  editor. 

Dramatic  full-color  images. 

Apollo  1 1 - Moon 
landing  (20  slides).  #S1  $14.95 
Manned  Launch  Vehicles 

(20  slides).  #S2  $14.95 

the  Best  of  the  Shuttle 
Program  (40  slides! 

#S3  $24.95  (s/h  150  each) 


Final  Frontier  Space  Materials 

2400  Foshay  Tower 
Minneapolis,  MN  55402 


► SPACE 
MUSIC 

Iwo  bestseling 
albums  from  Mania 
planetarium  composer 
Jonn  Seme.  Highly 
recommended  for  music 
listeners  who  like  to  drrfr  mro  space. 

"And  The  Stars  Go  With  You"  (shown).  Compact  Dist- 
#SMI,  Cassette  Tape  - #SM2  "Flightpath"  (rat  shown}. 
Compact  disc  - #$M3,  Cassette  - #SM4 
Compact  disc  - 114.95  Cassette  tope  - $9,95  (s/h  $150) 


Daytime  Telephone  No 

Method  of  payment 

□ Check/Money  Order  □ Visa  □ MasterCard  □ American  Express 

Credit  Card  No Exp.  date 

Signature  


Qty. 

Name  of  Item 

Item  # 

Price  each 

S/H 

Total 

Information  Grand  Total 

Allow  34  week  for  delivery  Some  items  may  take  longer  due  to  availability. 
For  Canadian  surface  shipment  double  S/H,  oversees  Triple, 


Call  foi  overnight  delivery  prices! 


Reviews 


The  Emigrant  Trail 
By  Michael  H,  Smith 
General  Dynamics 

Space  Systems  Division  PO.  Box  85990 
San  Diego,  CA  92138 
130  pages.  $4,90, 

plus  $1.50  for  shipping  and  handling 

By  Jack  D.Ki man 

he  only  problem  with  review- 
U ing  this  book  is  whether  to 
give  greater  praise  to  the  contents  or  to 
the  format.  Both  are  highly  original, 
conveying  the  vision  and  the  tech- 
nological possibilities  of  a spacefaring 
civilization  better  than  anything  that 
has  come  along  in  years. 

In  size,  shape  and  design,  The  Emi- 
grant Trail  mimics  that  venerable 
institution  of  the  American  coffee  table, 
the  National  Geographic.  Only  this 
special  issue  of  Planetary  Explorer  { the 
magazine  of  the  "Planetary  Exploration 
Society  ")  is  dated  December  2038. 
and  is  devoted  to  the  first  commercial 
spaceflight  to  Mars.  The  idea  is  so  sim- 
ple, yet  so  effective,  that  you  wonder 
why  it  was  never  done  before 
You  won't  find  The  Emigrant  Trail  in 
your  local  bookstore  It  was  conceived 
and  produced  by  th^e  tyterkeijhg' 'Com- 
munications branch  of1  the 
Dynamics  Space  t3i$$ionjsn! 

Sap  pl^go,  which,  a^cprdihgTt|titetjtl^ 
pa^vfej:  distributing  theffecdK  “as. an 
edd^^pal  and  i mpVfriati orja H jourr)at 
witfl  the sole  purpose  1 
interest  and  dialogue^on  the  subjgpysf 
future  space  explos^tidn. ' | ■ 

To  tell  his  tale,  Miqf^ae)  Smitjr-^-phief 
of  marketing  comWiqnicatp^s  forthfe 
Space  Systems  i Division!— Has  put 
together  a collection  of  fe'eVen  abides 
by  "Danielle  K McKinzie,"  communi- 
cations specialist  on  this  flight  of  the 
"Spirit  of  Galileo11  Marsliner.  The  first 
essay,  “The  Journey  Begins,11  tells  how 
McKinzie  qualified  for  a berth  on  the 
flight,  "The  Emigrants"  describes  the 
launch  from  "California’s  hot  dry  des- 
erts to  low  Earth  orbit,11  complete  with 
offhanded  references  to  the  depend- 
ability of  the  “Convair  1100"'  transat- 
mospheric  shuttle— ’built  by  General 


mi.  pn.  i n* rtiw  nfQt  30  k- 


I Dynamics,  of  course. 

; In  successive  articles,  we  see  life  on 
: a lunar  shuttle,  get  a tour  of  the  Tran- 
i quility  4 Moon  base,  ("the  largest, 
i continuously  inhabited  extraterrestrial 
i colony  in  the  galaxy11),  and  visit  "L- 
i Port,"  the  massive  way-station/ 
th  tfcftjefing  depot/maintenance  facility 
(fitter isihe  jumping-off  point  for  trips  to 
|!|  After  describing  the  actual  Mars 
1 ('flight]  Smith's  tale  concludes  with  a 
h "te'sonal  account  compiled  by  the 
through  interviews  with  settlers 
? ajE  Jamestown  II,  Mars."  .. 

'Ij  1 Cwteiniy  most,  if  not  all,  qt-th^fee 
I t^ea^t  fiave  been  covered  befer&'Sb 
j?  Y/hat  Hiakes  The  Emigrant  Trail  spe- 
d cs^i?  Partly  it's  the  uncanny  sense  of 
P lrmu  are  there,”  which  is  provided  not 
i onl^  by  the  text,  but  by  the  technical 
I diagrams,  sketches,  drawings,  paint- 
j ings  and  photographs  (the  last  show- 
j ing  how  things  were  done  in  the  Old 
\ Days  of  the  20th  century).  A very  few 
; top-drawer  writers,  such  as  Robert 
j Heinlein,  have  the  ability  to  write  about 
\ the  future  and  make  it  as  real  as  the 
: present.  Put  Michael  Smith  in  this  elite; 
i he  sustains  credibility  through  every 
i page  of  The  Emigrant  Trail. 
i Another  bonus  is  that  the  book  is 


written  on  several  levels  of  complexity 
An  old  space  hand  can  read  it  without 
being  bored,  and  the  newcomer  or 
youngster  can  follow  the  voyage  with- 
out getting  confused  or  lost. 

The  Emigrant  Trail  makes  the  criti- 
cally important  point  that  a successful 
spacefaring  civilization  will  not  con- 
struct a Moonbase  or  LS-type  colony 
as  isolated  projects,  but  rather  as  part 
of  a complex  Infrastructure " It's  a vital 
concept.  All  too  often,  space  explora- 
tion has  been  sold  to  the  American 
public  as  a series  of  unrelated  one- 
shot  projects.  Apollo,  Skylab,  the 
shuttle  and  even  space  station  Free- 
dom usually  come  across  as  random 
sticks  floating  downstream,  rather  than 
as  rungs  in  a ladder  that  will  take  us  to 
the  stars. 

Note,  too,  that  Smith’s  vision  of  the 
spacefaring  future  is  literally  “for  all 
mankind."  His  hardware  comes  from 
manufacturers  as  diverse  as  JBM,  Mit- 
subishi and  China's  Great  Wall 
industries,  and  the  Spirit  of  Galileos 
crew  is  a polyglot  assortment  of 
nationalities,  including  a Soviet  chief 
engineer  who  began  his  career  with 
Glavkosmos,  later  worked  under  con- 
tract to  the  European  Space  Agency, 
and  wound  up  with  NASA. 

As  you  might  expect,  the  text 
repeatedly  promotes  General  Dynam- 
ics, but  it  doesn’t  detract  from  the 
narrative.  Smith  simply  makes  you  take 
it  for  granted.  And  it's  refreshing  to  find 
a large  aerospace  company  that  not 
only  takes  the  long  view,  but  under- 
stands the  importance  of  communi- 
cating that  vision  to  the  general  public. 
Educators  and  space  activists  take 
note:  General  Dynamics  offers  re- 
duced prices  for  bulk  orders. 

! can't  think  of  another  recent  book 
that  synthesizes  the  romantic  excite- 
ment with  the  technological  realities  of 
space  travel  as  well  as  this.  On  a scale 
of  one  to  ten,  The  Emigrant  Trail  scores 
in  double  digits.  □ 

Jack  Kirwan  is  assistant  editor  of  the 
University  of  Arizona's  Energy  Journal 
and  a frequent  writer  on  the  subject  of 
space  exploration. 


50  FINAL  FRONTIER 
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Final  Frontier  has  lilt  oil.  We’ve  soared  beyond 
our  most  optimistic  projections.  And  now  we're 
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to  reach  more  space  enthusiasts,  publish  more 
frequently,  and  raise  the  magazine’s  standards 
even  higher. 

All  ol  which  should  help  us  reach  our  ulti- 
mate goal  — seeing  more  gleaming  silver  ships 
leave  the  boundaries  ot  earth. 
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Kubrick  and  Clarke’s  appointed  year.  And  help 
us  build  a ladder  to  the  stars. 
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Save  up  to  60%  on  telescopes, 
A^spotting  scopes,  and 
birding  binoculars! 


Save  on  famous  names  - Meade, 
Celestron,  Questar,  Zeiss,  TeleVue, 
Kowa,  Edman-d,  Bushnell,  Bausch 
m & Lomb,  Swift,  ;8wsKbvski,  Leica 
f ...  and  even  more/ 

One  of  the  workfs  OO^yenient  modern 
^ telescopes  is  the  Meade  2045D  4"  Sehmidt- 
Cassegrain,  shown  left.  Exceptionally  port- 
able,  this  co  mplete  astronomical  observa- 
UQ  tory  weighs  only  16  lbs. K yet  packs  a 

1000mm  (40  inch)  optical  system  into 
a tube  only  10"  long.  Complete  with 
^ tabletop  tripod  legs;  manual  slow  motion  controls;  a built-in  penlight  battery- 
operated  electric  motor  drive  switchable  for  northern/soulhern  hemisphere  operation  so 
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eyepiece  {other  optional  eyepieces  available  tor  observing  at  powers  from  25x  to  25Qx); 
lifetime  warranty  from  Meade  Instruments,  the  leading  U S.  telescope  manufacturer;  and 
more!  $1 200  list,  your  price  is  only  $699.  You  save  over40%! 

Send  a stamped  se  If-addressed  envelope  today  for  our  free  catalog  and  discount  price 
list  88F  showing  your  savings  at  up  to  60%  on  scores  of  telescopes,  birding  binoculars, 
and  spotting  scopes  from  every  major  manufacturer  - at  prices  from  $49  to  $1 4,000! 
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A GREAT 
GIFT  IDEA! 


The  SPACE  SHUTTLE  STAPLER  incorporates  the  beauty  of  the 
Space  Shuttle  and  the  dependability  of  a quality  stapler. 


Used  as  a regular  desktop  stapler  and  easily  refilled  with  standard  size  staples, 
Measures  9tf  long  x 6“  wide.  Available  in  3 lacquered  finishes:  white  enamel t 
antique  brass  and  elegant  pewter. 

A beaut  if tdly  packaged  and  unique  gift  idea.  30  day  money  back  guarantee. 


To  order  send  $29.95  + $3.00  shipping  & handling  to: 

MAMOS  ART  ENTERPRISES 
122-20  Ocean  Promenade,  Belle  Harbor,  NY  11694 

To  order  by  phone  with  credit  card  call- 
(718)  318-0404 


High  Cost 

continued  from  page  23 

twelve  months.  But  the  final  award  usu- 
ally goes  to  just  one  bidder 

"In  the  case  of  the  space  shuttle 
main  engine,  we  chose  one  contractor, 
and  the  other  players  more  or  less  were 
sidelined.11  says  Jerry  Thomson,  mana- 
ger of  the  advanced  propulsion  office 
at  NASA’s  Marshall  Space  Flight  Center 
in  Huntsville,  Alabama.  "Contractors 
can't  compete  very  well  when  it's  win- 
ner-take-all." 

The  Goddard  Space  Flight  Cqni^t 
recently  completed  a compe^fe 
between  Grumman  and  Mailrh 
Marietta  for  the  opportunity  to  build  a 
Flight  Telerobotic  Servicer,  a robot 
intended  to  help  astronauts  assemble 
and  service  the  space  station.  God- 
dard engineers  had  come  up  with  their 
own  design  of  what  they  thought  the 
robot  should  look  like.  In  the  early 
stages,  the  Grumman  and  Martin 
Marietta  proposals  both  were  different. 
During  Phase  B,  Martin  Marietta’s 
design  evolved  into  almost  a duplicate 
of  the  Goddard  design.  The  company 
won  the  nine-year,  $303  million  project, 
and  Grumman  was  eliminated. 

When  so  much  is  at  stake,  one  solu- 
tion Is  to  retain  at  least  two  contractors 
to  build  competing  hardware.  Although 
duplicative,  the  increased  competition 
could  improve  performance  and  lead 
to  long-term  cost  savings. 

In  the  early  1970s,  for  example,  the 
Defense  Department  concluded  that 
sophisticated  but  cheaper  fighters 
were  needed  to  complement  the  high- 
priced  Navy  F-14  and  the  Air  Force  F- 
15  In  1972  the  "Lightweight  Fighter" 
RFP  was  released  to  nine  aerospace 
companies.  It  listed  several  goals,  but 
few  specifications,  which  gave  con- 
tractors leeway  in  designing  the 
project. 

Five  companies  responded.  From 
these,  the  government  selected  Gen- 
eral Dynamics  and  Northrop  to  build 
prototypes  for  fly-off  competitions 
While  General  Dynamics'  F-16  won  the 
Air  Force  contract,  eventually  there  was 
no  "loser;"  the  Navy  bought  Northops 
F/A-18  as  a replacement  for  its  aging 
attack  jets.  Both  services  got  the 
planes  they  needed— from  one  head- 
to-head  contest.  The  cost  of  these  new 
aircraft  was  millions  less  per  plane 
compared  to  the  larger  fighters;  main- 
tenance costs  are  about  half;  and  the 
new  planes  deliver  more  performance. 

Spacecraft,  however,  are  often  built 
one  at  a time  rather  than  in  quantity.  So 
an  alternative  to  awarding  multiple, 
contracts  for  a large  project  is  to  pro- 
mote cost  savings  through  fri^^ly 
competition  among  a prime  contractor 


and  several  subcontractors.  For  its  new 
ALS  engine,  NASA  and  the  Air  Force 
plan  to  select  a single  contractor  who 
will  be  responsible  for  overall  engine 
system  management  and  integration. 
The  prime  contractor  will  then  subcon- 
tract to  competitors  for  manufacture  of 
the  engine's  major  subsystems.  This 
should  give  the  ALS  program  more 
leverage  in  negotiating  a follow-on 
contract,  according  to  NASA's  Jerry 
Thomson.  H,lfs  our  intent  to  keep  these 
[different  contractors]  involved  in  a 
substantial  portion  of  this  engine/1  he 
said,  "so  that  we  have  some  alterna- 
tives when  we  go  out  to  procure  new 
buys.11 

Another  possibility  for  saving  money 
is  the  use  of  consortia,  McDonnell 
Douglas,  Rockwell  International,  Gen- 
eral Dynamics  and  Pratt  and  Whitney, 
in  a rare  show  of  cooperation,  recently 
joined  forces  to  study  advanced  mate- 
rials for  building  the  National  Aero- 
space Plane.  A second  NASP 
consortium  is  being  formed  for  vehicle 
subsystems. 

Forced  to  work  together  in  this  way, 
industry  should  perform  well.  Left  to 
compete  on  its  own,  It  fosters  waste. 
Information  is  seldom  shared  in  the 
aerospace  community,  which  causes 
the  same  ground  to  be  covered  over 
and  over,  at  the  taxpayer's  expense. 

"Much  of  the  really  useful  information 
ends  up  in  somebody's  file  cabinet  and 
never  gets  used  again,"  said  a mana- 
ger with  Honeywell's  space  and 
strategic  avionics  division.  To  prevent 
this,  NASA  has  to  demand  that  the 
information  it  pays  for  is  made  gener- 
ally available. 

But  the  role  NASA  plays  in  overse- 
eing the  aerospace  industry  has  for 
some  time  been  blurred  by  the  under- 
currents of  self-interest.  Bureaucracies 
by  their  nature  tend  to  want  their 
budgets  to  grow,  and  the  space 
agency  is  no  exception.  Also,  govern- 
ment managers  who  oversee  multi- 
mi  II  Ion  dollar  procurements  often  retire 
from  public  service  to  join  the  com- 
panies whose  contracts  they  formerly 
supervised. 

This  "revolving  door”  led  Congress 
last  year  to  pass  an  ethics  law  restrict- 
ing certain  government  officials  as  to 
the  jobs  they  can  take  in  private  indus- 
try after  retirement.  The  law,  which  took 
effect  May  15,  is  meant  to  remove  any 
temptation  to  allow  cost  overruns  by  a 
company  that  may  become  someone's 
future  employer 

The  law— and  even  the  suggestion 
of  impropriety— has  rankled  some  at 
NASA.  "People  have  dedicated  their 
lives  to  this  business,  then  all  of  a sud- 
den they  say  that  when  you  are  done 
with  your  job,  you  have  to  go  out  and  be 


a hardware  store  clerk,"  complains 
Holmes  S.  Moore,  a senior  program 
manager  at  the  Center  for  Space  and 
Advanced  Technology  in  Arlington,  Vir- 
ginia, 

Whether  the  law  could  eventually 
lower  space  program  costs  by  making 
stricter  watchdogs  of  government 
managers,  it  has  wreaked  havoc  on 
NASA  in  the  time  being.  Twenty-five 
senior  managers  left  the  agency  in  the 
weeks  and  months  prior  to  the  law's 
effective  date.  Many  blamed,  in  part, 
ambiguities  in  the  legislation.  Among 


those  who  retired  suddenly  were 
James  B.  Odom,  former  associate 
administrator  for  the  space  station  pro- 
gram; Howard  Robbins,  associate 
NASA  administrator;  and  Noel  Hinners, 
deputy  NASA  administrator.  Hinners, 
who  was  highly  regarded  in  his  career 
as  a civil  servant,  now  works  at  Martin 
Marietta  as  a vice  president  for 
strategic  planning. 

While  a good  case  can  be  made  that 
problems  inherent  in  the  bureaucracy 
work  against  cost  savings,  only  so 
much  blame  can  be  laid  at  NASA's  door. 
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There  is  plenty  left  for  Congress. 

At  a recent  technical  symposium  on 
space  station  Freedom,  representa- 
tives from  Canada,  Japan  and  the 
European  Space  Agency  each  got  up 
to  describe  the  funding  mechanisms 
by  which  their  respective  governments 
would  pay  for  the  International  project. 
Alt  three  had  already  received  multi- 
year funding  approval,  ranging  from 
two  years  up  to  the  lifetime  of  the  proj- 
ect. When  it  came  his  turn,  William  B 
Lenoir,  NASA's  new  associate  adminis- 
trator for  the  space  station,  could  only 
joke  lhat  he  was  sorry  his  international 
partners  were  denied  the  "pleasure'1  of 
fighting  for  their  budget  each  and 
every  year 

That  is  the  case  for  all  NASA  pro- 
grams. The  annual  budget  battle 
makes  it  difficult,  if  not  impossible,  to 
assign  priorities  and  build  a staff. 
When  their  budgets  take  a hit,  mana- 
gers face  either  killing  a project  or 
stretching  out  its  completion.  And 
whatever  cost  savings  appear  in  that 
year's  budget  exist  only  on  paper. 

"You  get  cuts  and  you  have  to  replan 
the  program  to  fit  the  new  funding  pro- 
file," says  David  Bates,  deputy  director 
of  the  program  control  group  at  the 
space  station  office  in  Reston,  Virginia. 
That  means  more  delays,  more  work 
and  more  money 

The  costs  of  the  project's  “infrastruc- 
ture"—including  all  the  salaries 
required  to  keep  work  teams  in 
place— remain,  eating  up  a higher 
percentage  of  the  funds  Content  suf- 
fers, Morale  drops.  Cost  overruns 
mount.  And  the  Congress,  oblivious  to 
the  root  causes,  sees  the  price  tag  ris- 
ing and  threatens  further  cutbacks  to 
an  already  underfunded  program. 

The  cost  of  Congressional  under- 
funding  was  outlined  in  a letter  last  May 
from  Dale  Myers,  acting  administrator 
of  NASA,  to  Robert  Traxler,  chairman  of 
the  House  subcommittee  that  handles 
the  agency's  appropriations.  In  his  tet- 
ter, Myers  estimated  that  a Congres- 
sional proposal  to  delay  $1  billion  in 
funds  earmarked  for  the  space  station 
would  cause  the  project  schedule  to 
slip  three  months  over  the  next  year. 
More  telling,  the  $1  billion  deferment  — 
$400  million  in  fiscal  year  1990  and 
$600  million  in  the  next— would  cause 
inefficiencies  amounting  to  an  addi- 
tional $1  billion  beyond  the  deferment, 
which  would  have  to  be  added  onto  the 
bill.  The  delay  in  funding.  Myers  pre- 
dicted, "would  be  a disastrous  mis  - 
take"  that  would  "undermine  the 
effectiveness  of  all  that  has  been 
accomplished  to  date.  " 

That  Congress  is  schizophrenic 
about  the  space  station  is  all  too  clear. 
In  1984,  federal  legislators  passed  a bill 
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requiring  the  agency  to  develop  new 
automation  and  robotics  technologies 
"not  in  use  in  existing  spacecraft11  for 
the  station,  and  further  mandated  "that 
the  development  of  such  systems  shall 
be  estimated  to  cost  no  less  than  ten 
percent  of  the  total  space  station 
costs," 

But  if  Freedom  is  required  to  be  an 
orbiting  testbed  for  advanced  technol- 
ogy the  costs  will  be  high  And,  con- 
sidering that  the  station's  international 
partners  all  have  their  own  require- 
ments and  expectations,  NASA  has 
tess  and  less  flexibility  in  the  size  or 
cost  of  the  project. 

Ideally  the  funding  should  be 
assured  by  the  Congress  that  incurs 
the  costs.  But  NASA  cannot  cry  "foul1' 
too  loud.  The  agency  needs  to  be  liked 
by  Congress,  and  that  may  be  one  of 
the  biggest  causes  of  inefficiency. 

To  attract  political  support,  NASA 
seeks  constituents  in  key  Congres- 
sional districts.  Projects  like  the  space 
station  try  to  appeal  to  different 
research  communities,  from  materials 
scientists  to  astronomers.  NASA  works 
to  modify  the  station  to  make  everyone 
happy— a complex  and  costly  effort 
that  more  often  than  not  backfires. 

“The  irony  is  that  if  you  start  cutting 
out  requirements,  deliberately  saying 
that  you  will  not  handle  this  need  or  that 
group,  you  run  the  risk  of  losing  polit- 
ical support,"  explains  Adam  Gruen,  a 
space  station  historian  at  NASA. 

The  same  sort  of  dynamics  are  seen 
in  the  construction  of  space  hardware. 
Work  is  distributed  around  the  country 
to  meet  political  rather  than  engineer- 
ing goals.  Building  part  of  a vehicle  in 
Seattle,  part  in  Washington  state  and  a 
third  in  Texas  creates  a logistical  night- 
mare, adding  time  and  expense  to  any 
project.  But  the  jobs  created  in  those 
different  districts  translate  to  political 
support  in  Congress,  and  give  NASA 
another  selling  point  for  justifying 
growing  expenditures. 

Ultimately  the  lack  of  political  vision 
and  the  failure  to  follow  through  on 
existing  commitments  are  the  cause  of 
this  malaise.  A report  issued  last  Jan- 
uary by  the  Commerce  Department's 
Commercial  Space  Advisory  Commit- 
tee criticized  the  government  for  not 
having  a stable  national  space  policy. 
During  the  past  30  years,  the  report 
noted,  the  role  of  NASA  in  research  and 
development  has  undergone  seven 
major  policy  shifts. 

Not  since  John  Kennedy  has  an 
American  leader  embraced  space 
exploration  for  the  long  term.  The  vision 
he  had  is  as  relevant  today  as  it  was 
when  he  spoke  to  the  American  public 
in  the  heat  of  the  Cold  War:  "Now  it  is 
time  to  take  longer  strides,  time  for  a 
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great  new  American  enterprise,  time 
for  this  nation  to  take  a clearly  leading 
role  in  space  achievements,  which  in 
many  ways  may  hold  the  key  to  our 
future  on  Earth." 

If  America  is  to  continue  to  lead  in 
space,  bureaucrats,  contractors  and 
politicians  will  need  to  put  the  interests 
of  the  nation  ahead  of  their  own. 
Changing  a system  riddled  with  self- 
inflicted  and  entrenched  inefficiencies 
will  be  difficult.  But  difficulty  has  not 
deterred  Americans  before.  And 
change  it  must  if  the  United  States  is  to 
afford  its  dreams  and  reach  its  poten- 
tial in  space.  □ 

Gary  Stephenson  and  Greg  Freiherr 
are  information  anaiysts  with  GFit  a 
consulting  firm  in  the  Washington , D C. 
area  Along  with  GFI  associate  Miles 
Weiss > they  interviewed  dozens  of  peo- 
ple in  NASA t Congress  and  the  aero- 
space industry  for  this  article . 
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continued  from  page  21 

and  shipped  to  a launch  pad  in  Califor- 
nia or  Florida,  where  they  are  re- 
assembled and  re-tested.  Because 
Titans  evolved  from  ICBMs— which  are 
delivered  to  missile  sites  all  over  the 
country — there  was  originally  no  need 
to  locate  near  any  one  site.  And  even 
after  30  years  of  space  operations,  no 
rocket  manufacturer  has  moved  its 
production  facilities  to  be  near  the 
launch  site, 

'There  are  a lot  of  things  that  make 
sense  that  have  never  been  done 
before,"  says  Wormington. 

Currently,  rockets  bound  for  polar 
orbits  are  launched  from  California, 
and  rockets  bound  for  equatorial  orbits 
are  launched  from  Florida.  It  is  techni- 
cally possible,  however  for  a vehicle  to 
"dog-leg/'  as  Wormington  puts  it.  into 
a polar  orbit  from  a Florida  launch  site. 
It  normally  isn't  done,  because  the 
rocket's  performance  is  poor.  But  if  that 
could  be  offset  by  the  savings  of  not 
building  two  separate  launch  sites,  it 
may  be  worth  it. 

Even  the  method  of  getting  space 
vehicles  to  the  launch  pad  could  be 
streamlined.  NASA's  "crawler"  plat- 
forms were  designed  in  the  1960s  to 
keep  huge  Saturn  5 rockets  upright 
and  free  from  stress  on  their  way  to  the 
pad.  But  if  the  ALS  rocket  were  more 
rugged  it  could  take  more  stress,  and 
the  crawler  could  be  Jess  sophis- 
ticated, says  Wormington,  adding  that 
"the  oil  industry  moves  large  objects 
around  all  the  time." 

This  tendency  to  look  outside  the 
space  community  for  answers  is 
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another  ALS  philosophy.  "We're  not 
proud/'  says  Wormington,  "We'll  steal 
from  anybody."  Even  the  Soviets.  When 
ALS  engineers  learned  that  the  giant 
Energia  vehicle  uses  "strap-on"  rock- 
ets that  are  themselves  stand-alone 
launch  vehicles,  they  started  looking  at 
how  common  boosters  might  be  used 
for  the  whole  "family1'  of  different-sized 
vehicles  envisioned  for  ALS. 

There  are  many  trade-offs  still  to  be 
made  in  creating  what  one  Air  Force 
official  has  called  a "revolutionary1' 
launch  system.  Recovering  and  re- 
using engines  after  a launch  makes 
economic  sense,  for  example,  only  if 
the  engines  are  too  expensive  to  throw 
away.  But  the  goal  — and  perhaps  the 
biggest  technical  challenge  of  the  pro- 
gram — is  to  make  them  so  cheap  as  to 
be  expendable.  In  fact,  says  Worming- 
ton, "In  the  best  of  all  possible  worlds, 
Id  like  to  throw  everything  away.'’ 

Rather  than  simply  talking  about  cost 
savings,  ALS  engineers  are  spending 
$1  billion  on  building  prototype  hard- 
ware. Eighty  different  subsystems, 
from  nozzles  to  fuel  tanks,  will  be  pro- 
duced by  1994,  all  with  cost  a primary 
factor.  Rocket  engine  turbopumps,  for 
example,  now  run  $5  million  each.  The 
ALS  task  Is  to  produce  a prototype  for 
half  a million. 

Wormington  likes  to  use  the  word 
"robust"  in  describing  his  blue-collar 
rocket.  He  talks  about  how  Conestoga 
wagons  were  pulled  by  oxen,  not  by 
horses.  If  the  ALS  program  stays  on 
track,  the  first  test  flight  of  his  dream 
machine  will  be  in  1998. 

And  after  that?  Genera!  Thomas 
Moorman,  head  of  Air  Force  space  pro- 
grams, recently  told  a space  confer- 
ence in  Washington  that  the  ALS 
people  could  start  building  vehicles  for 
"the  first  user  with  a need."  □ 

— Tony  Reichhardt 
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Alan  Bond 

continued  from  page  29 

duction  would  be  far  too  great  for  the 
UK.  to  contemplate  on  a national 
basis.” 

Of  his  homeland,  Bond  says  bitterly, 
"They  just  junked  a major  opportunity 
to  leapfrog  into  the  21st  century.  You 
don't  get  opportunities  like  that  every 
day." 

So  Bond  went  looking  for  interna- 
tional partners  for  the  multibillion  dollar 
project.  But  even  after  he  and  British 
Aerospace  succeeded  in  marshalling 
the  support  of  a great  many  London 
investors— to  the  tune  of  $160  mil- 
lion—Rolls-Royce  declined  to  join  the 
consortium  and  it  foundered. 

Instead  of  enjoying  the  kudos  of  his 
countrymen  while  watching  HOTOL 
take  shape,  Bond  therefore  found  him- 
self back  at  the  drawing  board,  where 
he  came  up  with  a new  engine  design, 
named — innocently,  he  claims— 
"Satan.”  "He's  just  a powerful  being 
from  mythology  whose  name  begins 
with  ‘S',”  says  the  inventor.  “It's  a habit 
we  have  in  Britain  to  name  engines 
beginning  with 'S.' 

Toblockanygovernmentattemptsto 


stifle  his  plan,  Bond  has  intentionally 
neglected  to  patent  the  Satan  design,  If 
he  were  to  patent  it,  the  British  govern- 
ment could  slap  a secrecy  edict  on  the 
technology  and  prohibit  the  inventor 
from  taking  it  abroad,  Which  is  pre- 
cisely where  Bond  is  looking  for  a few 
adventurous  investors.  He  says  he 
needs  only  $16  million  or  so  to  fund  the 
first  three  years  of  proof-of-concept 
testing,  which  he  claims  would  help 
marshal  the  resources  of  investors, 
industry  and  governments  to  actually 
build  a HOTOL  spaceplane, 

Such  a vehicle  could  operate  for  as 
little  as  $2  million  to  $3  million  a flight 
after  the  first  couple  of  decades,  Bond 
says.  "HOTOL  could  go  down  as  the 
first  space  vehicle  to  recover  its  devel- 
opment costs  from  commercial  activi- 
ties." 

Some  call  him  unrealistic.  He 
describes  himself  as  a “frustrated 
innovator,"  and  says  he  won’t  give  up. 
Bond  has  a vision  shared  by  others  with 
a fascination  for  the  stars  (in  the  1970s 
he  designed  another  vehicle  named 
for  a mythical  figure — the  "Daedalus" 
starship).  He  fears  the  world  eco- 
sphere  has  reached  the  point  where 
perhaps  only  100  years  are  left  before 


the  survival  of  humanity  will  be 
threatened, 

"Meanwhile,  we're  surrounded  by  the 
most  incredible  resources.  We  could 
take  the  resources  of  the  Solar  System, 
divide  them  on  a per-capitalpasjs,  and 
all  be  incredibly  wealthy.  . i 

“We  just  don’t  have  a buatfeketfo  get 
there,”  says  the  inventor,  "AfTfrfvtrying 
to  do  is  build  the  bus." 

Frederic  d’Allest 

continued  from  page  31 

on  1988  sales  of  about  $600  million. 
That's  in  addition  to  reserves  and 
retained  earnings  of  $90  million,  and 
set-asides  of  $132  million  to  cover  the 
risks  of  operating  in  such  an  inherently 
risky  business. 

There  have  been  some  Ariane  fail- 
ures, too,  but  Arianespace  has  learned 
from  its  mistakes  and  from  the  Challen- 
ger accident.  According  to  d'AHest,  the 
warnings  of  the  Rogers  Commission 
made  him  enact  more  vigilant  controls 
on  his  suppliers  and  increased  his  con- 
cern forthe  morale  of  the  workers  at 
Kourou. 

Since  1984,  Arianespace  has 
invested  $200  million  to  improve  its 


SPECIAL  OFFER! 


NASA  VIDEO 
SPACE  LIBRARY! 


Explore  the  past  and  glimpse  the  future  with  this 
remarkable  collection  of  NASA  PRODUCED  VIDEOS, 
Each  2 hour,  full-color,  tape  examines  specific  NASA 
pnjgrams  from  PROJECT  MERCURY  10  Ihe  SHUTTLE 
ERA,  Library  features  NASA  work  in  AERONAUTICS, 
EXOBIOLOGY,  PLANETARY  EXPLORATION,  A 
COMPUTERS, 


C 1.  THE  COMPUTER  AND  NASA 


□ 2,  AERONAUTICS  AND  NASA  . 

□ 3.  THE  INNER  SOLAR  SYSTEM 

□ 4.  THE  OUTER  PLANETS  .... 

□ S,  PROJECT  MERCURY 

□ 6,  GEMINI  YEARS 

□ 7,  APOLLO  TO  THE  MOON  . , 

□ 8.  THE  SPACE  SHUTTLE  ERA 

□ 9.  LIFE  IN  THE  UNIVERSE  . , . 


□10.  PAST  & FUTURE  (Space  Static n)  $22 


Order  individual  tapes  at  listed  price  SPECIAL 
OFFER:  Buy  3 and  choose  a 4th  FREE!  OR,  complete 
10  tape  Library  for  $160.  TIME  PLAN:  $34  per  month 
for  5 months.  Receive  1 tape  per  monlh  with  current 
account.  All  tapes  sent  post-paid  on  full  payment. 
ORDER  TODAY l Check-Money  Order-M/G-VISA 
fjf  & Exp  ).  Tx.  add  6%  sales  lax, 

CALL  TOLL-FREE  ANYTIME 

1-800-423-6837  (U.S.) 
1-800-526-9269  (TX) 

Or  send  order  with  payment  to: 


Hurry!  Limited  Quantities 

For  back  issues  write  to  us  at:  Final  Frontier,  2400 Foshay  Tower,  Minneapnli. 
MN  55402.  Please  enclose  $500  for  each  issue  plus  $2.50  postage  and 
handling.  To  order  by  phone  with  your  credit  card  s (612)  332-3001 


SkyWatcher  Video 

619  Hanover  Drive 
P.O.  Box  456 
Allen,  Texas  75002 


UNCONDITIONAL  30  DAY  GUARANTEE 


58 


N A L FRONT 


Exclusive  Soviet  Collectibles 


launch  vehicles.  The  company  last 
year  demonstrated  a commitment  to 
keep  costs  down  by  ordering  50  of  the 
latest  version  (Ariane  4).  worth  $2  6 bil- 
lion. Ariane  4’s  most  powerful  variant 
flew  for  the  first  time  in  June;  it  carried 
two  satellites,  one  of  which— the 
Japanese  Superbird— was  the  heav- 
iest commercial  satellite  ever  made. 

Arianespace  has  demonstrated  its 
success  by  picking  up  more  than  50% 
of  the  world's  launch  business  in  the 
face  of  increasingly  stiff  competition  by 
U.S.  commercial  launchers,  the  Soviets 
and  the  Chinese.  D'Allest  has  been 
there  from  the  beginning,  making  the 
tough  choices:  as  Ariane  project 
manager  for  the  French  space  agency 
CNES;  as  director  of  the  Ariane  pro- 
gram in  1976;  and  as  the  company's 
first  chairman  and  CEO  in  March  1980, 
when  Arianespace  was  created  as  a 
consortium  of  European  aerospace 
companies  and  financial  institutions. 

During  much  of  the  last  decade,  from 
1982  until  February  of  this  year,  he  was 
also  director  general  of  CNES.  Asked 
whether  he  considers  himself  a 
bureaucrat  or  a businessman.  d'Allest 
says  he  prefers  the  latter,  and  he 
describes  with  relish  his  latest  chal- 
lenge— to  make  Locstar,  the  European 
counterpart  of  Geostar  (see  p.  34  ). 
“number  one  in  this  market.” 

As  1992  and  the  unification  of  the 
European  marketplace  near,  d’Allest 
believes  Arianespace  won't  feel  any 
effects,  having  paved  the  way  for  inter- 
national commercial  collaborations  on 
a grand  scale.  D'Allest  also  says  he 
considers  it  “a  matter  of  political  will  for 
Europe  to  be  a space  power  by  the  end 
of  the  century.”  As  the  man  who 
presided  over  CNES's  budget  while 
planning  for  the  next  decade  in  space, 
he's  confident  Europe's  goals  are 
achievable. 

If  past  performance  is  a barometer, 
you're  inclined  to  believe  Papa 

Alexander  Dunayev 

continued  from  page  31 

prestigious  post.  After  he  rose  from 
obscurity  in  the  fall  of  1986  to  head  the 
new  Glavkosmos  agency,  Soviet 
sources  said  only  that  Dunayev  has 
held  “a  number  of  senior  positions" 
within  the  bureaucracy,  or  that  he  was 
an  engineer  in  the  Soviet  aerospace 
community  The  Novosti  Press  Agency 
doesn't  even  stock  a biography. 

In  the  absence  of  such  basic  back- 
ground information,  dark  tales  have  cir- 
culated in  the  West  about  his  highly- 
placed  political  connections.  That  line 
of  reasoning  stems  in  part  from  his 
evident  disdain  for  the  Soviet  Union's 
scientific  space  community  demon- 


strated publicly  at  the  Space  Future 
Forum  commemorating  the  20th 
anniversary  of  Sputnik  in  October  1987 
A very  senior  Soviet  academician  was 
delivering  a paper  to  the  assembled 
international  guests  when  Dunayev 
suddenly  saidr  "I  don't  think  our  audi- 
ence is  interested  in  that  right  now/' 
and  told  the  scientist  to  sit  down. 

He  sat  down. 

Dunayevs  abrasiveness  hasn't  made 
him  many  friends  in  the  Soviet  space 
establishment;  Roald  Sagdeyev  of  the 
Institute  for  Space  Research  has  used 
the  word  "odious"  to  describe  him  on  at 
least  three  separate,  very  public  occa- 
sions, And  recently  the  Institute 
blamed  Glavkosmos  for  the  failure  of 
the  two  Fobos  spacecraft,  which  the 
marketing  agency  designed  with  very 
little  supervision  from  scientists. 

Increasingly  the  very  policies  of 
perestroika  and  gtasnost  that  created 
Glavkosmos  are  putting  pressure  on 
Dunayev  to  deliver  on  the  promise  that 
space  can  pay  its  own  way  in  the 
struggling  Soviet  economy.  He  may 
have  to  prove  that  he's  a successful 
marketer,  not  just  a shopkeeper  who 
stocks  an  impressive  array  of  wares. 
The  Glavkosmos  czar  admits  that  the 
agency  has  netted  a mere  $600,000  for 
all  its  efforts  at  commercialization, 

Dunayev  likely  won't  have  smooth 
sailing.  The  United  States  shows  no 
sign  of  relaxing  limitations  on  technol- 
ogy transfer  that  prohibit  shipment  of 
satellites  with  made-in-the-USA  com- 
ponents to  Soviet  launch  sites,  despite 
Dunayev's  assurances  that  his  Glav- 
kosmos workers  won't  even  open  the 
sealed  containers.  But  ever  optimistic, 
Dunayev  has  hired  an  American  mar- 
keting firm,  Space  Commerce  Cor- 
poration of  Houston,  Texas,  and 
compiled  a catalog  of  available  Glav- 
kosmos services  that  was  distributed 
at  the  Paris  Air  Show  last  June.  Not 
many  prices  appeared,  though. 

"Make  me  an  offer/'  says  Dunayev 

Byron  Lichtenberg 

continued  from  page  34 

approved  quietly  by  the  Commerce 
Department  in  February  of  last  year.  A 
few  in  Washington— notably  then- 
Transportation  Secretary  James  Burn- 
ley—blasted  the  accord  as  downright 
un-American,  but  Lichtenberg  defend- 
ed it,  arguing  that  the  agreement  is  In 
keeping  with  the  increasingly  interna- 
tional nature  of  space. 

LThe  Soviets  are  really  marketing 
aggressively  and  they're  open  to  virtu- 
ally any  idea/1  says  Payload  Systems' 
chief  scientist,  "Our  cooperation  with 
them  has  been  a learning  experience 
on  both  sides," 
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A-1Q  Thunderbolt 
B-1B  Bomber 
UH-1  Huey 
F-5  Tiger 
C*13Q  Hercules 
C’5  Galaxy 
B52-  Stratof  or  tress 
KC-135  Stratotanker 
STS- Mission  30 


Mugs- SB. 95  + $3  shipping  per  mug  or  set  of  any  6. 
$35.00  + $6  shipping 

Steirt$.-$13.S5  + $4  shipping  per  mug  OrsetOf  any  4, 
$45.00  4-  $B  shipping.  Calif,  residents  add  sales  tax. 


HAWKER  AEROSPACE 

16731  Bartlett  Lane  Ste.  1.  Huntington  Beach.  CA 
92647  (71 4J  890-9621 

Call  for  free  catalog. 


The  World  Timecapsule 


A journey  through 
space  and 

time. 


In  the  year  2000  a collection  of 
images,  literature  and  sounds  which 
chronicle  the  existence  of  the  human 
race  will  be  sent  on  an  infinite 
journey  into  outer  space.  Before  it 
goes  it  will  have  contributed  to  the 
educational  and  cultural 
enrichment  of  countless  human 
lives,  uniting  people  the  world  over 
in  a common  cause  for  humanity. 


You  can  become  a part  of  this 
historic  endeavor,  and  have  your 
name  or  even  your  thoughts 
preserved  forever  in  the  depths  of 
outer  space.  Send  for  your  free 
brochure  today. 


The  World  Timecapsule  Fund 
3300 Louisiana  Ave*,  So . 
Suite  415 

Minneapolis,  MN 55426 
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Among  the  blips  in  the  learning 
curve  was  the  time  Lichtenberg 
learned  from  press  reports  that  the 
Soviets  were  planning  to  have  their 
space  station  in  mothballs  during  the 
time  of  Payload  Systems'  planned  mis- 
sion, The  flight  has  been  rescheduled 
for  October. 

Lichtenberg  maintains  that  the 
delays  and  bureaucratic  hassles  are 
worth  it,  because  there  is  no  compara- 
ble U.S.  opportunity  for  long-duration 
microgravity.  Even  the  shuttle's  seven- 
to  ten-day  flights  aren't  long  enough  for 
some  proteins  to  form  large,  well- 
ordered  crystals.  And  NASA's  space 
station  is  still  years  away. 

‘Companies  and  countries  around 
the  world  are  not  sitting  back  waiting 
for  NASA  to  get  its  act  together,”  he 
says.  “They  see  that  the  Soviets  have 
launch  and  on-orbit  capability,  and 
they’re  going  for  it.11 

It  is  Lichtenberg's  vision  to  act  as  an 
intermediary,  helping  other  research- 
ers see  what  space  can  offer.  But,  he 
adds.  "I  don’t  want  to  watch,  I want  to  do 
it.”  in  fact,  he's  now  training  to  “do  it”  for 
the  second  time  in  1991,  when  he'll  fly 
on  the  first  shuttle  Atmospheric  Labo- 
ratory and  Application  Series  mission 
ATLAS-1.  Lichtenberg's  distaste  for 
bureaucracy  led  him  to  resign  as  pres- 
ident of  Payload  Systems  earlier  this 
year  and  pass  the  baton  to  Arrott. 

But  he  expects  to  be  around  in  10  to 
15  years  to  see  the  company  operating 
tours  of  the  Moon  and  other  orbital  out- 
posts. To  that  end,  Payload  Systems 
plans  to  buy  its  own  aircraft  soon  to 
offer  the  general  public  the  same  taste 
of  weightlessness  that  NASA  astro- 
nauts  experience  In  the  KC-135.  The 
search  for  capital  to  finance  that  pro- 
ject led  the  company  to  merge  with 
Space  Industries  Inc.  earlier  this  year. 

"We  have  to  start  small,  but  we  have 
big  dreams,"  Lichtenberg  says. 


Martin  Rothblatt 

continued  from  page  35 

Carriers  and  the  Santa  Fe  Railroad, 
which  all  use  the  position-finding  serv- 
ice lo  track  vehicles. 

The  company's  technological  future 
also  looks  bright.  Sony  and  Hughes 
Network  Systems,  Geostar's  ground 
equipment  suppliers,  have  developed 
the  world's  smallest  satellite  dish,  an 
antenna  measuring  just  six  inches  in 
diameter.  And  Motorola  has  produced 
15  prototypes  of  the  hand-held  trans- 
ceiver that  Rothblatt  hopes  one  day  will 
be  the  equivalent  of  Sfar  Trek's,  flip- 
open  communicator. 

In  addition.  Geostar  is  licensing  its 
technology  abroad,  spawning  a Euro- 
pean company  called  Locstan  which 


will  serve  Europe,  the  Middle  East  and 
North  Africa,  and  another  firm  in 
Australia  aimed  at  the  Pacific  Rim 
market. 

All  of  that  is  good  news  to  O'Neill, 
who  donated  85  percent  of  his  Geostar 
shares  to  the  Space  Studies  Institute— 
a stake  already  worth  $22  million.  On 
the  strength  of  that  endowment,  SSI 
this  summer  launched  a plan  to  pri- 
vately procure  a small  lunar  probe  to 
gather  information  vital  to  the  success 
of  a future  lunar  colony. 

And  its  good  news  to  Rothblatt. 
"When  I was  in  college  and  people 
asked  me  what  1 wanted  to  be,  I said,  a 
space  entrepreneur,1 11  recalls  the  34- 
year-old  Geostar  president,  "Now  I am 
one — and  it's  even  better  than  I'd 
imagined.1' 


David  Thompson 
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bers.  "When  I left  [in  1979]  it  was  still  two 
years  away.  I wanted  things  to  move  a 
little  faster." 

For  Thompson,  they  certainly  did.  At 
Harvard  Business  School,  he  met 
future  partner  Scott  Webster  on  the  first 
day  of  class.  In  their  second  year  they 
obtained  a NASA  grant  to  explore  how 
government  could  make  it  easier  for 
private  space  companies  to  form  and 
prosper  By  then  the  pair  had  attracted 
Harvard  law  student  Bruce  Ferguson, 
who  remains  the  OSC  counsel. 

The  trio  originally  conceived  a space 
company  that  would  rescue  empty 
shuttle  fueft&hksand  use  them  in  orbit 
as  floating  fueling  stations.  (“It's  still  not 
so  hot  an  idea,”  Thompson  says  now.) 
Instead,  the  group  settled  on  a rede- 
signed Centaur  upper-stage  booster 
rocket  they  called  the  Transfer  Orbit 
Stage,  or  TOS. 

Thompson  and  his  crew  initially 
raised  more  than  $13  million  from  var- 
ious sources.  Then  in  1983.  with  the 
help  of  what  was  then  Shearson/ 
American  Express,  Orbital  Sciences  hit 
the  jackpot  with  a $50  million  research- 
and-development  partnership— the 
sixth  largest  ever  placed  at  that  time, 
and  the  largest  ever  in  the  aerospace 
industry. 

Martin  Marietta  contracted  to  build 
the  TOS,  but  it  wasn't  for  three  years, 
until  March  1986,  that  NASA  agreed  to 
purchase  the  rocket  for  the  agency's 
Mars  Observer  spacecraft.  Sensibly, 
OSC  had  designed  TOS  with  the  shut- 
tle in  mind.  After  the  Challenger  disas- 
ter, however,  the  space  agency  had  to 
kick  almost  all  commercial  satellite 
launches  off  the  shuttle,  cutting  OSCs 
potential  market  by  a third. 

Adapting  TOS  for  use  with  the  Titan 
(Mars  Observer’s  eventual  booster-of- 


choice)  more  than  doubled  the  stages 
$31  million  price.  But  OSC  still  did  all 
the  development  work  on  the  project 
for  around  $80  million— a traction  of 
the  billion-dollar  boondoggle  that  the 
Air  Force's  Inertial  Upper  Stage 
became. 

Like  NASA,  Thompson  learned  not  to 
hitch  his  wagon  only  to  the  shuttle.  Last 
year,  OSC  announced  a joint  venture 
with  Hercules  Aerospace  to  build  the 
Pegasus  satellite  booster,  air-launched 
by  a NASA-owned  B-52,  and  signed  up 
the  Defense  Advanced  Research  Proj- 
ects Agency  (DARPA)  as  the  rockets 
first  customer. 

To  become  profitable  for  OSC, 
Pegasus  must  attract  commercial 
users  as  well.  Ball  Aerospace  inked  a 
launch  agreement  last  June  for  a series 
of  rides  for  its  new  lightweight  satellite 
series.  If  Ball  finds  customers,  and  OSC 
wins  more  contracts  to  fly  them,  the 
rocket  will  work  off  its  development 
costs  in  record  time. 

The  future  looks  bright.  OSC  has 
doubled  and  tripled  in  size  in  the  last 
two  years,  and  may  go  public  as  early 
as  October.  The  company  continued  to 
diversify  in  autumn  1988,  buying  Space 
Data  of  Tempe,  Arizona,  a company 
that  makes  suborbital  boosters,  space 
system  hardware  and  associated  elec- 
tronics and  data  systems. 

But  Thompson  says  OSC  won't 
become  just  another  aerospace  giant 
The  company's  goal  is  to  drive  down 
the  cost  of  access  to  space.  Until  busi- 
ness can  afford  space,  he  argues,  it  will 
be  the  province  of  government  alone. 

And  governmentcantafford  enough 
of  a space  program  to  suit  Thomp- 
son, □ 

Contributing  editor  Melinda  Gipson  is 
the  editor  of  Space  Business  News,  a 
biweekly  newsletter  published  in 
Arlington*  Virginia . 


Off  the  Shelf 
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and  take  pride  in  helping  the  space 
program  by  developing  space  equip- 
ment at  their  own  cost.  Coke  and  Pepsi 
got  enormous  publicity  from  devel- 
oping soda  cans  for  space.  Unfortu- 
nately they  weren't  very  practical  for 
the  space  environment  despite  the 
enthusiasm  of  the  two  giant  competi- 
tors. "Eight  cans  of  soda  took  up  the 
same  amount  of  space  as  128  dry  bev- 
erages,” says  Fohey.  Now  Coca  Cola 
has  worked  out  a commercial  agree- 
ment with  NASA  to  develop  a system  for 
dispensing  liquids  on  the  space 
station. 

Naturally,  the  main  advantage  to 


using  off-the-shelf  items  in  the  space 
program  is  lower  cost.  The  bargain- 
basement  approach  can  backfire, 
however,  if  a manufacturer  has  to  alter 
materials  and  methods  to  suit  NASA, 
Costs  escalate,  and  the  space  agency 
has  to  buy  enormous  quantities  to 
realize  a savings.  NASA  once  pur- 
chased 100,000  rugged  plastic  food 
pouches,  only  to  have  two-thirds  of 
them  degrade  during  long  storage. 

Nonetheless,  most  crew  systems 
engineers  agree  that  the  cost  of  test- 
ing, adapting  and  modifying  off-the- 
shelf  equipment  almost  always  is  much 
less  than  developing  the  product  from 
start  to  finish,  And  cost  isn’t  the  only 
advantage;  familiar  items  are  psycho- 
logically easier  to  use  in  space, 

Still,  there  are  some  disadvantages 
to  store-bought  products,  Models  and 
parts  change,  and  even  the  technol- 
ogy itself  changes.  Sometimes  the 
product  itself  is  a lemon.  Often  a won- 
derful gadget  disappears  from  the 
market  unexpectedly,  so  that  NASA 
can't  always  depend  on  its  availability. 

Commercially  available  electronics 
also  don't  meet  rugged  specifications 
for  long-term  reliability,  durability  and 
wear,  "In  essence,  we  have  the  same 
problem  as  the  ordinary  consumer," 
said  Max  Engert  of  the  Johnson  Space 
Center.  “We  don't  have  a service  his- 
tory of  reliability,  the  design  of  the  com- 
ponents isn't  documented  and  the 
products  aren't  designed  for  the  long 
haul." 

Space  station  Freedom  almost  cer- 
tainly will  incorporate  a variety  of  off- 
the-shelf  hardware,  rendering  the  alien 
space  environment  more  familiar,  more 
livable  and  more  endurable.  For  exam- 
ple, a microwave  clothes-dryer  cur- 
rently under  development  for  the 
consumer  market  has  NASA  engineers 
excited.  Similarly,  an  automatic  bread- 
baker  may  find  its  way  into  the  space 
station  galley,  although  the  commercial 
machines  now  available  are  still  much 
too  gravity-dependent  to  be  practical 
in  space. 

But  even  in  space,  there  will  be  a few 
hold-outsagainst  the  trend  towardcon- 
venience.  Consider  the  perfect  cup  of 
coffee.  Astronaut  Franklin  Chang-Diaz, 
a naturalized  American  from  Costa 
Rica,  considers  drinking  instant  coffee 
"a  sin,"  So  he  designed  an  infusion/ 
extraction  zero-gravity  coffeemaker  to 
enjoy  the  perfect  pleasure  of  a brewed 
cup  of  coffee  in  space.... 

Even  if  he  does  have  to  drink  it 
through  a straw.  □ 

Alcestis  Oberg  is  a regular  contributor 
whose  articles  are  custom-made  to  our 
specifications  rather  than  coming  off 
the  shelf. 


OWN  THE 


MOON 


Now  you  can  own  your  very 
own  luminous  Moon  Map 
for  home  or  office. 

Special  features  of  this 
unique  map  of  the  lunar 
smface  include: 

• Glows  in  the  dark  for  more 
than  three  hours.  A special 
patented  printing  process  of 
luminescent  ink  provides 
unequaled  radiance. 

m Contains  over  150 
scientifically -accurate  lunar 
features. 

• Completely  safe 
& non-toxic. 

• Hang  fivm  any  wall 
or  ceiling. 

• Moon  is  a large  26"  in 
diameter. 


Only  $19.95  plus  $2 . 00 
postage  & handling 

Send  check  or  money  order  to: 
Final  Frontier  Map 
2400  Foshay  Tower 
Minneapolis , MN  55402 

Credit  card  orders  call 
(612)  332-3001 


FINAL  frontier  61 
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SPACE  COLLECTIBLES 

SPACE  PATCHES,  The  Number  One  Space  Collect- 
able. Over  200  different  designs.  NASA,  ESA, 
USSR,  Canada,  Space  Probes,  Special  Projects, 
Military.  Also  pictures,  tie  tacs,  decals,  medallions, 
etc.  Illustrated  brochures,  $2,  (refundable).  SPACE- 
LAND,  PO  Box  540775-F  Merritt  Island,  FL  32954 


COLLECTORS 

PATCHES  • TACS  • DECALS  • ETC 


For  Catalog  Send  $2.00  To: 
Sky  Patch  Enterprises 
P.O.  Box  3339,  Dept.  F 
Lompoc,  CA  93438 


Outside  USA  $3.00  US  Currency 


MADE  IN  SPACE  ABOARD  CHALLENGER  DUR- 
ING STS-6,  CHALLENGER’S  MAIDEN  FLIGHT. 
’’THE  FIRST  SPACE  PRODUCT"  $5.00  ppd 
includes  certificate  verifying  authenticity.  BYLINA, 
PO.  Box  25844,  Colorado  Springs,  CO  80936 

DATELINE  MOSCOW! 

GLAVKOSMOS  SPACE  AGENCY  officially 
designates  EXCLUSIVE  worldwide  supplier  of 
PINS,  PATCHES,  decals  and  other  memorabilia  of 
the  Soviet  Space  Program.  COMPLETE 
INTERKOSMOS  JOINT-MISSION  INSIGNIAS 
NOW  AVAILABLE 
PLUS-The  INCREDIBLE 
Interkosmos/Paris  Air  Show  JACKET  PATCH 
ALSO:  COMPLETE  30-YEAR  NASA 
PIN/PATCH  SOURCE 

SPACECOM  INTERNATIONAL,  Box  7304-223F 
N.  Hollywood,  CA  91603-7304 
Rare  LIMITED  EDITIONS  incl.  Apollo  11  Anniversary 
Pin-Reserve  now!  Send  $2  for  complete 
international  catalog,  deductible  from  order. 
FREE  DECALS  WITH  PIN  OR  PATCH  ORDER 


SPACE  SHUTTLE  PROGRAM  exciting  color  prints 
coUection.  For  catalog  and  sample  send  $1.00  to 
SPACE  COLLECTION,  Box  701-F  Cape  Canaveral, 
FL  32920 


LIMITED  EDITION 

1st  Manned  Lunar  Landing 
20th  Anniversary  Plate 

Artfully  etched  in  the  center  of  an  8" 
commemorative  glass  plate.  100%  Satis- 
faction Guaranteed.  Reserve  yours  before  Sept.  30. 
Send  $32.50  to:  Etch-N -Things  Dept.  MB.  P.0.  Box  268, 
Worthington.  Ohio  43085.  Also  available  at  the  Neil  Arm- 
strong Air  & Space  Museum,  Wapakoneta.  OH. 


APOLLO  11  COMMEMORATIVE 

SPECIAL  20,h  ANNIVERSARY 
APOLLO  11  MISSION  PATCH 

Beautiful  full  embroidery 
patch  of  1 1 vivid  colors. 

Official  4"  size  with  names 
and  dates  accented  in  gold 
metallic  thread.  Limited 
Collectors  Edition  (20,000). 

ONLY  $7.50  ea.  + P&H 
Order  No.  APO506FF 

1 989  Space  Collectible  Catalog  $2  ppd.  (refundable) 

STAR  REALM 

Dept.  AS  *7305  S.  85  Street  • Omaha,  NE  68128 


METEORITES! 

AUTHENTIC  SPACE  COLLECTIBLES 

Display  stands,  space  jewelry,  books, 
photographs.  Catalog  $2.  (Refundable) 
BETHANY  TRADING  COMPANY  . _ _ cu 

P.O.  BOX  3726-F.  ^ fALLING  STAR!™ 

(203)393-3395 


CLOTHING 


NEW  HAVEN, 
CT  06525 


SPACE  PATCH  COLLECTORS!!  We  will  keep  your 
collection  growing  monthly.  Catalog  with  over  200 
patches  and  sample  newsletter  $1.00  (Refund- 
able). SPACE  PATCH  COLLECTORS  CLUB,  PO  Box 
17310,  Pittsburgh,  PA  15235 

BOOKS  & PERIODICALS 


^ ^ THE  EXTRATERRESTRIALS 

AND  THEIR  REALITY 
The  unmasking  of  the  ETs. 
Informative,  fascinating,  and 
controversial  revelations  as  reported 
by  witnesses  and  the  ETs  themselves.  100 
pus.  $10.00  postpaid.  Check  or  money  order. 
JACO,  P.O.  Box  3135E,  Prescott,  AZ  86302. 

SOVIET  MILITARY  SPACE  CHALLENGE.  Illustrated 
complete  report,  $15.  STRATAGEM  PUBLISHERS, 
Dept.  A,  168  Northcliffe  Dr.,  Winnipeg,  Manitoba, 
Canada  R2C  4J4 

SPACE  FRONTIERS.  Journal  of  space  history.  Scale 
plans,  modeling.  $15/year,  bimonthly.  Free  informa- 
tion and  back  issues  list.  SPACE  FRONTIERS,  PO 
Box  6488,  Newport  News,  Virginia  23606 

Space  Times  Journal 

Bold  editorials,  space  sci-fi  short  stories,  astronomy 
forecasting,  astrophotography  and  investigative  reporting. 

Finally  a political,  non  partisan  look  at  current  issues  on  space. 

Sample  $2.00 

Subscribe  today  - $10.00/6  issues 

Space  Times  Journal 
Suite  168,  33  University  Sq.,  Madison,  WI  53715 

KEEP  UP  TO  DATE  WITH  NASA  USING  YOUR 
COMPUTER.  “NASA  SPACELINK  USERS 
GUIDE.”  Send  $8.00  check  to:  CORE,  PO.  Box 
25594,  Fresno,  CA  93729 


FACES  ON  MARS?  Yes!  Latest  (1988)  digital  photo- 
analysis NASA  data.  New  faces,  pyramids  found. 
Book:  137  pp,  80  photos.  $15.  MARS  RESEARCH 
PROJECT,  Dept  F Box  284,  Glenn  Dale,  MD  20769 

COMPUTERS  & SOFTWARE 


Simulate  Voyager  2 at  Neptune  on 
your  IBM  PC  or  compatible!  Plus 
Voyager  1 and  2 at  Jupiter,  Saturn 
and  Uranus,  and  Giotto  at  Halley’s 
Comet.  Fascinating  program  original 
ly  developed  at  JPL.  $79  (California 
residents  add  6.5%  sales  tax)  plus  $3 
S&H,  or  write  for  FREE  information. 


. , , „ XonTech,  Inc.,  6862  Hayvenhurst  Av., 

Uranus  from  Voyager  2 VaR  N QA  gim  (818)7Q7.73Q0 


HOBBIES  & KITS 


LASER  PHASERS  PLASMA 

Plasma  sabres,  tesla  coils,  anti  gravity,  see  in  the 
dark,  surveillance,  force  fields,  personal  protection 
etc.  and  many  others.  CATALOG  of  plans,  parts, 
kits  and  assemblys  send  $1.00  to  Amazing 
Concepts,  Dept  FF  PO  Box  716,  Amherst,  NH 
03031. 


1 


SPACE  & ASTRONOMY  DESIGNS 
□N  HEAVY-WEIGHT 
T-SHIRTS  + SWEATS 

CALL  OR  WRITE  FOR  FREE  CATALOG 

Caladonian  Graphics. 

Dept  r. 

PO  Boi  875,  Zephyrhills,  FI.  34283. 

1-B00-223-a607 


t-shirts:  $12 
heavy  wt.  cotton 
sweats^  $20 
heavy  wt.  50/50 

both  shirts  are 
navy,  and  come  in 
S.M.L.XL.  adult 
4 color  design 
e 1800  2234607 


shipping  $1.50  1st  item,  $1  ea.addl.item 
payment : visa.  mc( include  exp. date)  chk.mo.  mail  to 
CALEDONIAN  GRAPHICS,  PO  box  875,  Zephyrhills,  FL  33539 


ROCKETRY 

ROCKETS!  SPACESHIPS!  Out-of-production,  hard- 
to-find:  model  rocketry  plastic  kits,  plans,  literature, 
space/SF  collectibles.  Catalog  $1.  ACME  ROCKET 
COMPANY  Box  28283-FF39,  Tempe,  AZ  85285 

PHOrTOORAPHS 

BEAUTIFUL  SPACE  SHUTTLE  PHOTOGRAPHY  - 
We  have  a wide  variety  of  pictures  at  low  prices. 
Write  for  free  information:  SPACE  IMAGES,  PO  Box 
58694-F  Houston,  TX  77258 

AEROSPACE 


[[fly  in  space" 


2,200kph,  20km  high.  See  Shuttle 
Launch.  Join  A.E.S.A.  Info  $1.00. 

GEYER 

1501  Roosevelt  - F-1  • Carteret,  NJ  07008 


BUSINESS  OPPORTUNITIES 

GET  PAID  for  mailing  letters!  $200.00  daily.  Write: 
PAASE-PF5, 161  Lincolnway,  North  Aurora,  IL  60542 

FREE  DETAILS  - Steady  income  from  home  in  your 
spare  time.  Large  $$  capital  not  required.  Proven 
effective.  SMACO,  PO.  Box  25021,  Minneapolis, 
MN  55458 

EDUCATION  ~ 

SPACE  AGE  SUPERLEARNING!  Triple  learning 
speed  through  music... languages,  math,  data. 
Empower  memory;  potentials.  Stressless!  Free- 
hyper-mind  training  tape  catalog/newsletter. 
Superlearning,  450-FF  Seventh  Ave.,  New  York,  NY 
10123 


U.S.  SPACE  CAMP® 

Register  now  Jgr  a week-tong  adven'ure  irtco  asisro- 
naui  tca.'.nmg  and  simulated  Space  SnuHte  missions. 
Grades  i-e  for  U.S,  SPACE  CAMP  m Alabama  and  { 
F onda  Grades  7 \2  (or  U S.  SPACE  ACADEMY— J 
Write  US.  SPACE  CAMP  89  8ox  1 $&fl.  ^^1 
Huntsville.  Al  35647.  or  call  roll-free 
1-80Q-&3-SRACE.  n A'abama  l ? 


CLUBS  & ORGANIZATIONS 


Join  us  in  the  Star  Trek  universe.  Beam  aboard  one 
Of  I he  STAR  SHIPS  OF  THE  THIRD  FLEET  For  info, 
send  S.A.S.E..  Third  Reel  Headquarters,  PO  Box 
710219,  Saniee,  CA  92072-0219. 


VIDEOS 


+ THE  TELEVISION  ADVENTURE  OF  SPENCE  FACT 
ENJOY  THE  SIGHTS  AND  SOUNDS  OF  THE  SPACE  ABE 
. , . , ON  YOUR  HOME  VIDEO  SYSTEM  . ♦ . 


■ 

AMERICA  IN  SPACE™ 

THE  SHUTTLE  ERA-  . 

THE  EXCITING  HISTORY  OF  - * 

* . AMERICA  S REACH  TO  THE  STARS  * ;; 

IN  STEREO 

AVAILABLE  NOW  ON  POPULAR  HOME  FORMATS  4 

; VHS  *19.95  BETAMAX  '' 

■ INCLUDES  SKIPPING 

SEND  CHECK  OR  MONEY  QfiDEft  TO  . 

AMERICA  IN  SPACE  , : 

. . 101  SEVENTEENTH  STREET.  STE.  3 . 

OAKLAND.  CALIFORNIA  M612 

' . IMPORTAHT  SPECIF  V VOlin  VIDEO  format  ' 

INCLUDE  SHfPPiNG  WSTFtLFCTHWfS  WifH  VQLfR  ORDER 


SPACE  VIDEOTAPES 

Quality  NASA  produced  videotapes  on 
Apollo-Lunar,  Mercury.  Gemini,  Challenger,  and 
unmanned  probes  Mariner,  Voyager,  and  Viking 
Write  for  our  FREE  illustrated  catalog  . 
SPECTRUM  Video,  Dept  F 
PO  Box  3698,  Ontario,  CA  91761 


SPACE  FLOWN  MEMORABILIA  & VIDEOS 

ACTUAL  SPACE  FLOWN  Amides  along  with  actual  APOLLO 
CM  & LM  Hardware  s Apollo  Tracking  Charts!! 
Over  40  1 Hr,  Mission  Videos  confining  over  60  MISSIONS. 
Examples;  Apoilos  10  & 1t4  12  $ 13,  14  a is.  16  S Wr 
Plus  all  Shuttle  Missions  - Orly  Si  9.95  each  !! 

Apollo  l Shuttle  Press  Kns  & Flight  Plans  available!11 
STS  29  Press  Kil  (Info)  $10  00  FLIGHT  PLAN  $20  00 
AVD  767  St  Michaels  Dr.  Mllchellvilte,  MD  20716 


RATES  8 REQUIREMENTS 

$55  minimum  for  25  words  $1.75  each  aefditronal  word 
10%  discount  4 prepay  for  3 ensues  (same  ad).  fS%  dis- 
counl  prepaid  for  6 issues.  Box  or  blind  ad.  S1Q 
additional  Payment  must  accompany  order  Non- 
cPmrnissLonable  include  name,  address  & phone 
number  Advertising  accepted  a|  sole  discretion  of  pub- 
lisher 

DISPLAY  CLASSIFIEDS 

$110  per  column  inch,  one  lime;  $95  per  column  <nch,  3 
limes;  £90  per  column  inch,  6 times  Column  inch  is  2% 
in  wide  Please  design  height  in  whale  inches.  Display 
ads  can  be  designed  lor  an  additional  charge. 

DEADLINE  & MAILING  INSTRUCTIONS 
Copy^mechanicals  musl  be  received  60  days  prior  to 
publication  dale  {|.e.  May  i for  JuiyrAug.  issue}.  Mail  copy 
or  malerials  wilh  paymenl  to:  FINAL  FRONTIER  MAGA- 
ZINE. Classified  Dep]..  2400  Foshay  Tower,  Minneapolis, 
MN  554Q2,  For  lurther  information,  call  Stephen  Martin  al 
612-332-3001 


af  A-B  Emblem  was  the  manufacturer  of  the 

~ original  NASA  patch.  And  since  Apollo  12,  A-B 

Emblem  has  been  the  sole  supplier  of  patches  to 
the  astronauts,  under  exclusive  contract  with  NASA. 
Other  manufacturers  can  say  they  supply  patches  to 
NASA,  but  this  does  not  mean  they  make  the  space 
mission  patches  for  the  astronauts.  Only  A-B  Emblem  can 
say  that  And  now  you  can  order  direct. 


The 

Latest  In 
Space 
Patches. 


Mercury,  Gemini,  Apoilo-Soyuz,  Sky  lab  and 
European  Space  Agency  patches  also 
available. 


A-B  emblems  are  also  available  through 
Spaceport  USA  at  Kennedy  Space  Center 
and  at  NASA  exchanges  and  museum  gift 
shops  throughout  the  world 


ORDER  FORM 


1AII  Shuttle,  Apollo  patches  are  4JJ.  34  95  ea.  | 
NASA  insignia  and  alt  Mercury  Gemini  A 

pa  tc  hes  a re  T . S2 .95  ea  l r| 

Total 

Qty,  Package  Prices:  cost 

Qty. 

Stock  * 

Total  Cost 

Cu  rrent  5h  u ttle  Series  f 2 7 patches  1 S 1 08  65 
Save  $25  00 

10  Most  Recent  Shuttle  Patches  539  50 
Save  $10  00 

Entire  Apol  lo  Series  f 12  patchesl  $49  50 
Save  $12  00 

Entire  Mercury  Series  (6  patches]  $ 16  95 

Entire  Gemini  Series  1 1 1 patches)  S29  95 

The  Mission  Data  Booklet— givescomplete 
summary  of  each  NASA  Mission  $3  95  ea 
< free  with  purchase  of  $50  or  more} 

Sub-Total 

NC  Resident  31  Tax 

Shippi  ng/Handling 

$200 

Total  Order 

Call  Toil  Free,  Have  your  VISA  or  MASTERCARD  ready. 

Or  send  name,  address,  and  check  or  money  order  to 
A B Emblem,  P O Box  82695.  Weaverville.  NC  2378? 

A -B  EIVIBLEH 

DIVISION  OF  CQNRAP  INDUSTRIES  INC 

Weaverville,  North  Carolina  28787 


Destinations 


Then  felt  I like  some  watcher  of  the  skies 
When  a new  planet  swims  into  his  ken. 

John  Keats 


Computer-enhanced  photo  of  Neptune,  taken  in  June  by  the  approaching  Voyager  2 spacecraft 


64  FINAL  FRONTIER 


Hear  the 
greatest 
show  over 
Earth. 


Join  the  crew  on  future 
Space  Shuttle  missions. 
Call  Dial-A-Shuttle®  24 
hours  a day  beginning  two 
hours  before  launch  and 
ending  two  hours  after 
touchdown. 

You’ll  hear  live 
communications  between 
the  astronauts  and  Mission 
Control  and  special 
updates  and  interviews  that 
bring  the  space  program 
into  your  own  home. 


Call  the  future  today. 

1-900-909-NASA 


$2.00  for  the  first  minute: 
45<  for  each  additional  minute. 


Sponsored  by: 

NATIONAL  SPACE  SOCIETY 
922  PENNSYLVANIA  AVE.,  S.E. 
WASHINGTON,  D.C.  20003-2140 
(202)  543-1900 
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Innovation 


SETTING  THE  CLOCK  BACK 


hundreds  of  questions,  but  undoubtedly 
posing  thousands  more. 

EMIDTEEN  Dll  I IAIJ  VEADC  The  Hubble  Space  Telescope  represents 
rvUnlCEIl  DILLIwN  V CHIU*  one  of  Lockheed's  greatest  achievements 


Imagine  capturing  the  image  of  the  universe 
shortly  after  its  creation.  The  momentous  launch 
of  the  Hubble  Space  Telescope  will  open  a win- 
dow into  space  that  will  allow  us  to  see  the  cos- 
mos as  never  before. 

The  Space  Telescope  is  capable  of  seeing 
14  billion  light-years  into  the  past.  The  images 
we  receive  will  be  those  of  the  universe  as  an  in- 
fant. which  may  hold  the  key  to  the  creation  and 
ultimate  fate  of  the  cosmos.  But  the  Space  Tele- 
scope will  function  as  much  more  than  a cosmic 
time  machine. 

The  Space  Telescope  will  reveal  unimagined 
secrets  of  the  universe,  providing  answers  to 


in  systems  integration,  The  monumental  task  of 
coordinating  this  international  effort  has  given 
humanity  a tool  to  expand  the  cosmos.  From  the 
first  Agena  rocket  launch,  to  the  first  steps  on  the 
moon,  to  the  new  Advanced  Solid  Rocket  Motors 
for  the  Space  Shuttle,  Lockheed  has  been  an 
integral  part  of  NASA's  accomplishments.  And  as 
the  most  broadly  based  contractor  of  the  Space 
Station  Freedom,  Lockheed  is  keeping  the  clock 
running  into  the  next  century  of  space  exploration. 

’Lockheed 

Missiles  & Space  Company 

Giving  shape  to  imagination. 


